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Abstract
THREE ESSAYS ON THE EFFECTS OF CHILDBEARING ON ECONOMICS WELL-BEING AND
HEALTH
by
ONUR ALTINDAG˘
Adviser: Professor Theodore J. Joyce
This dissertation consists of three chapters. The first chapter is single-authored and documents
the implications of gender preference in fertility on sibling sex composition, family size, and chil-
dren’s health in Turkey. The article is initially published in Demography.1 The second chapter is
co-authored with Alper Dinc¸er and David Jaeger, which investigates the effects of childbearing on
parents’ labor supply in Turkey. Dr Dinc¸er acquired the data for the statistical analysis, contributed
to the literature review, and critically reviewed the manuscript. Dr Jaeger offered mentoring and
contributed to the editing of the manuscript. I designed the study framework, organized the original
data files, conducted the statistical analysis, and co-authored the manuscript. The third chapter is
co-authored with Theodore Joyce and Julie Reeder, which examines the effects of a peer counsel-
ing service initiated by the Oregon WIC Program to increase the practice of exclusive breastfeeding
and its duration among WIC participants in Oregon. The study is a follow-up project of an experi-
mental intervention, and the initial results were published in Pediatrics.2 Dr Reeder designed and
implemented the original study with the help of the researchers at Oregon WIC Program. In the
follow-up study, she provided the data, and critically reviewed the manuscript. Dr Joyce and I have
designed the study framework, conducted the statistical analysis, and co-authored the manuscript.
1“Son Preference, Fertility Decline, and the Nonmissing Girls of Turkey”, Demography, 53(2), 541-566, 2016.
2“Telephone Peer Counseling of Breastfeeding Among WIC Participants: A Randomized Controlled Trial”, Pe-
diatrics, 134(3), e700-e709, 2, 2014.
vChapter 1 Couples in Turkey exhibit son preference through son-biased differential stopping
behavior that does not cause a sex ratio imbalance in the population. Demand for sons leads to
lower ratios of boys to girls in larger families but higher ratios in smaller families. Girls are born
earlier than their male siblings, and son-biased fertility behavior is persistent in response to de-
cline in fertility over time and across households with parents from different backgrounds. Parents
use contraceptive methods to halt fertility following a male birth. The sibling sex composition is
associated with gender disparities in health. Among third- or later-born children, female infant
mortality is 1.5 percentage points lower if the previous sibling is male. The female survival advan-
tage, however, disappears if the previous sibling is female. Having an older female sibling shifts
the gender gap in infant mortality rate by 2 percentage points in favor of males. The improvement
in infant mortality is strongest in favor of males who do not have an older male sibling.
Chapter 2 My co-authors and I examine the causal of impact of increased fertility on labor
market outcomes in Turkey. Because Turkish parents exhibit a strong preference for sons and
there is no evidence of selective abortion in Turkey, we use female births in the first two parities as
instruments for family size. Using the 2000 Census, we find that although OLS estimates indicate a
negative effect of fertility on labor supply for women, there is no evidence that this effect is causal.
For men we find a small positive increase in labor force participation when the first child born is
female. Analyzing the characteristics of compliers (i.e. those parents whose fertility is influenced
by having a preference for sons), we find little difference with the overall population, suggesting
that the finding of no effect of fertility is likely to be generalizable to the overall population. Results
from the 2004-2012 Household and Labor Force Survey confirm our results from the Census and
also indicate that there is little impact of fertility on the intensive margin of labor supply (i.e. hours
or wages).
vi
Chapter 3 A long-standing tension within the Special Supplemental Nutrition Program for Women,
Infants and Children or WIC is promotion of breastfeeding while making available free infant
formula. The WIC program purchases over half of all infant formula sold in the US and unsur-
prisingly, breastfeeding initiation and duration is substantially lower among WIC participants than
their eligible non-participants. In an effort to improve breastfeeding, the Oregon WIC Program
tested whether a relatively low-cost telephone peer counseling initiative to support breastfeeding
could increase the initiation and duration of exclusive breastfeeding among its participants. They
conducted a large randomized field experiment (RFE) with over 1900 women from four WIC agen-
cies in the state. They found significant increases in exclusive breastfeeding among Spanish- but
not English-speaking clients. In this study, my co-authors and I use data from the RFE along
with administrative data from the rest of the state to assess whether the results from the RFE can
be extended to other agencies in the state. We use randomization as an instrument to estimate
the effect of treatment on the treated and we compare these to non-experimental estimates of the
effect of peer counseling from the same or similar WIC agencies as the RFE. We find small or
non-existent effects of peer counseling in the non-experimental settings, which suggest that the
experimental estimates may reflect Hawthorne effects. We present evidence of selection into RFE
in that exclusive breastfeeding among the controls is significantly greater than among women who
were offered but declined to participate in the RFE as well as from women in the rest of the state
who had no access to peer counseling. We conclude that despite the strong internal validity of the
RFE, extending the program to other agencies in the state would have a limited impact at best on
exclusive breastfeeding.
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Chapter 1
Son Preference, Fertility Decline, and the
Non-Missing Girls of Turkey
ONUR ALTINDAG˘∗
1.1 Introduction
“A manly man shall have a son, a manly one.”
Turkish proverb
In human populations with no prenatal intervention, the ratio of males to females at birth tends to
be constant (Hesketh and Xing, 2006). Moreover, if parents have no gender preference, the sex of
children within a family is expected to follow a binomial distribution. However, an extensive body
of literature shows that parents with a son preference skew the sex composition of their children
via gender discrimination in relative care and fertility-stopping rules.
The case of “missing women,” a phenomenon that Sen (1990) brought to the public’s attention
refers to a substantial deficit of girls in the population resulting from sex-selective abortion and ex-
∗CUNY Graduate Center, Ph.D. Program in Economics, 365 Fifth Avenue New York, NY 10016.
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cess female mortality. Every year, two million girls worldwide under the age of five are estimated
to be missing. Of these, 70 percent were never born (World Bank, 2011). The implications of
persistent, abnormally high sex ratios in South Asia and elsewhere have been studied extensively.1
Differential stopping behavior (henceforth, DSB), on the other hand, implies that parents with a
preference for sons would continue to bear children until they have a desired number of boys (Basu
and De Jong, 2010). Without prenatal manipulation, DSB alone does not alter the population sex
ratio or the sex ratio across birth parities at the aggregate level. However, assuming that parents
can have a finite number of children, then as a result of DSB, females have a greater number of
siblings and are born relatively earlier than their male siblings (Yamaguchi, 1989; Clark, 2000;
Basu and De Jong, 2010).
In this article, I focus on family composition in Turkey, a patriarchal society with strong son
preference and Muslim identity but without any history of surplus males in the population. I pro-
vide strong evidence of DSB in the absence of prenatal sex selection. By using population data and
birth statistics, I show that (1) the long-term trend of sex ratio at birth hovers around the natural
level in Turkey and (2) like as in most parts of the world, under-5 mortality is slightly higher for
males than for females. Family-level data show that the sex ratios are also balanced across birth
parities. As predicted by the DSB model, however, the sex ratio at last birth is highly skewed in
favor of males, and males are more likely to grow up in smaller families.
Next, I exploit the first child’s sex outcome —a purely random process in the absence of pre-
natal sex selection— to identify the causal effects of son preference on fertility behaviors. Parents
have fewer children if the first child is male than if the first child is female. The number of children
1See Chung and Gupta (2007) and Edlund and Lee (2013) for South Korea; Qian (2008) for China; Jayachandran
(2014) for India; and Guilmoto and Duthe´ (2013) for Armenia, Azerbaijan, and Georgia.
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in families with first-born daughters is, on average, 6.7 percent larger than families with first-born
sons. I show that contraceptive use is the only mechanism through which couples halt fertility after
a male birth. Quantile regression results indicate that despite the lower fertility predicted by more
schooling, higher age at first birth, and urbanization along with other characteristics, the strong
response to the absence of sons is persistent.
Sibling sex composition is associated with significant health disparities between boys and girls.
I argue that parents are more likely to proceed to the next parity after a female birth and favor sons
in health investment if the older sibling is female. Among third- or later-born children, although
the overall infant mortality2 rate is higher for males than females, the female survival advantage
disappears if the previous sibling is female. Girls with an older male sibling are 1.5 percentage
points more likely to survive to age one, whereas the gender difference in mortality completely
vanishes among those with an older female sibling. I provide additional evidence that the improve-
ment in infant mortality is strongest in favor of males who do not have an older male sibling.
The results of this study suggest that DSB causes important early-life disparities through al-
locative preference in favor of sons among families who are seeking a boy. Importantly, DSB
is common in countries that are geographically close and culturally similar to Turkey, notably in
Central Asia and North Africa (Yount et al., 2000; Filmer et al., 2009; Basu and De Jong, 2010).
Thus, the results documented here have the potential to inform health policy not just in Turkey but
in other countries as well.
2Death of a child younger than one year.
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1.2 A Simple Model
Consider a simple illustration of DSB with a three-period model in which there are N couples,
each of which has a target of one son, and the maximum number of children per couple is three.
Assuming that sex distribution at birth is binomial with equal probabilities, N2 couples will have
a boy as their first child, and the other N2 will have a girl. Those who bear a first-born son would
discontinue childbearing because their target has been met. As a result, N2 families will have a
family composition of a single boy (B). The remaining N2 couples will have a second child, of
which N4 will have a first-born girl and a second-born boy (GB). At this point, these families will
also stop childbearing because they have reached their target. The remaining N4 families will have
a third child, of which N8 will end up with a first-born girl, a second-born girl, and a third-born boy
(GGB), while N8 will end up with a first-born girl, a second-born girl, and a third-born girl (GGG).
In this hypothetical society, the family composition will be as follows: N2 families will have B;
N
4
GB; N8 GGB; and another
N
8 , GGG.
The theoretical implications of such a stopping rule on family composition is shown in Ta-
ble 1.1. First and foremost, the population sex ratio is balanced. There are equal numbers of males
and females born in the population, 7N8 children of each sex. The sex ratio is also perfectly bal-
anced within parities. There are N2 males and females born as the first child,
N
4 as the second, and
N
8
as the third. DSB, however, changes the sex composition within families. For example, as shown
in Table 1.1, single-child families are exclusively of males. The number of males and females
are equal in families with two children, and the sex ratio is 0.20 in families with three children.
Accordingly, the sex ratio at last birth (henceforth, SRLB) is highly male-skewed. In families with
one or two children, the last birth is always male. The SRLB is only balanced only among families
with three children, which is a mechanical result of the three-children maximum.
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Basu and De Jong (2010) provided the simulated effects of DSB on family composition with
different combinations of maximum and desired numbers of boys, showing similar results. Seidl
(1995) and Jensen (2003) each used slightly different model, but their implications were also sim-
ilar: the desire for boys leads to lower (higher) ratios of boys to girls in larger (smaller) families,
the SRLB is male-skewed, and girls are born earlier than their male siblings.
1.3 Relevant Literature on Stopping Rules
A rich empirical literature documents the effects of DSB in countries where son preference has
historically been strong. Among others, Park (1983) and Park and Cho (1995) showed that the
sex ratio of siblings in small families in Korea is skewed in favor of boys and that SRLB is highly
male-skewed. In India, where smaller families have higher proportion of boys, son targeting is
especially pronounced in rural areas and exhibits substantial regional variation (Clark, 2000; Basu
and De Jong, 2010). The same patterns have been observed in Vietnam (Pham et al., 2012). In
these countries, DSB interacts with the common practice of sex-selective abortion. In China and
India, Ebenstein (2007) demonstrated that women continue conceiving until they bear sons, but an
excess number of girls conceived in-between are missing. Hesketh and Xing (2006) showed that
in 1992 in South Korea, at the peak of the gender discrimination at birth, the sex ratios were 1.13,
1.96, and 2.29 for the second, third, and fourth birth parity, respectively.
Fertility-stopping rules are also prevalent in countries with balanced sex ratios. Filmer et al.
(2009) found strong DSB patterns revealed in Central Asia. In rural Menoufia, Egypt, Yount et al.
(2000) found that son-biased family planning translates into fewer births among families with
living sons. Basu and De Jong (2010) confirmed this finding at the country level in Egypt. In a
more striking study, Dahl and Moretti (2008) showed that in the United States, U.S. parents are
significantly more likely to have an additional child when the previous children are all girls.
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1.4 Data and Descriptive Analysis
1.4.1 Data
The aggregate data come from several different sources. Population sex ratios are calculated from
the Population Censuses and Address Based Population Registration System (henceforth ABPRS),
a register-based census that collects demographic data based on the place of usual residence. Both
sources of data are provided by the Turkish Statistical Institute (henceforth, TurkStat) and include
the entire population. Population estimates by sex and five-year age groups are available in the
1985, 1990, and 2000 Population Censuses, while ABPRS provides population estimates for the
period from 2008 to 2013 on an annual basis. In addition, TurkStat provides yearly birth statistics
collected by the Central Population Administrative System (MERNIS) from 2001 to 2013. The
data include all births in Turkey that were registered with each district population office.
Household-level analysis is based on the 1993, 1998, 2003 and 2008 waves of the Turkish
Demographic and Health Survey (TDHS). In this nationally representative survey, the pooled data
contain 28,151 married or previously married women aged 15 to 49, including their complete fer-
tility histories, family planning prevalence, and demographic characteristics. The analysis sample
includes 25,600 women, all of whom have given birth at least once.
1.4.2 Population Sex Ratios
To document the sex ratio trends at birth and among children under age five, I calculate the number
of boys per girl for each year that the data are available. Figure 1.1 shows the estimated sex ratios
from 1985 to 2013, with the y-axis scaled to the commonly accepted natural sex ratio range at
birth (1.02-1.08 boys per girl). The population sex ratios are strikingly balanced over the last 28
years in Turkey. The sex ratio for children under five years old varies between 1.05 and 1.065.
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Correspondingly, birth statistics follow a similar trend. From 2001 to 2013, 1.055 to 1.057 males
were born for every female born. In comparison, from 1962 to 1980 in 24 European countries, the
aggregate ratio of male to female births was between 1.05 and 1.07 (Coale, 1991).
Figure 1.1 includes the sex ratios at birth from each survey year in TDHS as well. To inves-
tigate the differential gender mortality, I also calculated the sex ratios for those who survived to
age five. Overall, TDHS does a good job of replicating the sex ratios calculated from the censuses.
The point estimates are not statistically different from the population sex ratios. The consistency
of reported sex ratios in TDHS relative to the population data speaks to the accuracy of reporting
in the survey. Importantly, the under-5 sex ratio is below the sex ratio at birth for each survey
year, indicating a lower male-female ratio for the survivors. Like in most countries, this is a nat-
ural result of higher under-5 mortality for boys compared with girls.3 In the pooled TDHS data,
approximately 92 of every 1,000 females die before the age of 5 compared with 100 males, thus
indicating a significant difference in under-5 mortality rates.
Altogether, the aggregate data show no evidence of sex-selective abortion or excess female
infant mortality for the study period during which abortion was legal for up to 10 weeks of gesta-
tion.4
1.4.3 Family Sex Ratios
To explore the role of DSB in sibling sex composition, I use family-level data from the TDHS and
start by disaggregating the sex ratio analysis by sibship size. Sibship size refers to the number of
children who are alive,5 and sex ratio is the average number of boys per girl within a family. In the
3 Females are less likely to die from infections and respiratory ailments because of their stronger immune system
(Drevenstedt et al., 2008).
4The abortion law was passed in 1983 and remains with slight modifications up to the present time.
5Because 77.2 percent of deaths in the sample occurred within the first year after birth, sex ratios for children who
are alive seem to be accurate approximations of the actual sibling sex composition.
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presence of a son-biased stopping rule, parents tend to halt fertility after a male birth. Therefore
sex ratios should be biased in favor of boys in small families and gradually decrease with the num-
ber of siblings.
The TDHS spans a period in which Turkey witnessed both a leap in economic development and
a dramatic decline in fertility.6 The decline in fertility coupled with rapid economic development
might have changed both the gender preference and the ability to satisfy such preference. In the
interest of capturing the time trend in fertility choices, the results are reported separately for each
survey year.
Table 1.2 shows the sex ratios by total number of living children for each survey year. As
predicted by the DSB hypothesis, males are more likely to be in single-child or two-child families.
Despite the consistent decrease in average family size from 1993 to 2008, the sex ratio imbalance
conditional on number of children remains persistent. For example, the pooled estimates show that
on average, there are 1.2 boys per girl in families with fewer than three children (column 5, upper
panel). The sex ratio is 1.11 in three-child families and still in favor of boys, although to a lesser
extent. On the other hand, girls predominate in families with more than three children: the ratio
of boys to girls plunges to 0.92 in families with five or more children. The female surplus in large
families lowers the sex ratio to 1.04 at the aggregate level. The overall sex ratio is balanced for
each survey year as well. Strikingly, skewed sex ratios, conditional on sibship size, are similar in
different survey years, showing a consistency in male-biased reproductive behavior between 1993
and 2008 (columns 1-4, upper panel).
6The annual average GDP per capita growth was around 2.71% between 1993 and 2008, which corresponds with
an increase in real GDP per capita from 5435 to 7730 in constant 2005 U.S. dollars. The World Bank estimates that the
total fertility rate declined from 2.8 births per woman in 1993, to 2.1 in 2008, corresponding to a 25 percent decline in
the total fertility rate (http://data.worldbank.org - last accessed July 29, 2016).
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In the lower panel of Table 1.2, the sample is restricted to women aged 35 to 49 in order to
observe the sex ratios among the couples who have most likely finished childbearing. The sex ratio
imbalance is even greater in nearly completed families. In small families (number of children ≤
3), the average sex ratio is 1.21, falling to 0.94 among those with more than three children (column
5, lower panel).
The SRLB is another measure to test the presence of son-targeting fertility behavior. If par-
ents are more likely to cease childbearing after a male birth, the SRLB should be male-skewed.
Table 1.3 shows the average sex ratios by total number of births and birth order, with the SRLB
depicted in bold. The upper panel contains calculations for the full sample and the lower panel is
restricted to women aged 35 to 49. In both panels, independent of the mother’s birth history, the
last birth is consistently male-skewed: families seek boys at all birth parities. In the upper panel,
the number of males per female is slightly above 1.20 at last birth, even among very large families.
For example, the SRLB among couples with six births is 1.23, while the same families’ earlier
parities are highly female-skewed. This may imply an unusually strong persistence in seeking a
boy. Alternatively, this may indicate the “gambler’s fallacy” in son targeting: if parents believe that
the sex of the next child is contingent on the existing sibling sex composition, they are less likely
to stop childbearing after having a girl than couples who are aware of the fact that each child’s sex
is an independent event.
The lower panel of Table 1.3 shows that son preference is revealed more strongly among nearly
completed families. Families with three or fewer children exhibit abnormal sex ratios in favor of
boys at all parities (columns 1-3, lower panel); for those with more than three children, only the
SRLB is male-skewed. Earlier birth parities in large families are highly female-skewed because
couples continue childbearing after a female birth. For example, in families with four births, the
sex ratio ranges between 0.90 and 0.94 for the first three births, while the SRLB is 1.31, which is
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a clear indicator of families stopping once they reach a son (row 4, lower panel).
As a robustness check for the prenatal sex selection at higher birth parities, I conducted several
tests. The sex ratio for second-born children conditional on a first-born daughter is 1.04 and not
skewed. The sex ratio for third-born children after two females is 1.02. Last, without conditioning
on the sex composition of previous births, the sex ratios for the second-, third-, and fourth births
are 1.05, 1.02, and 1.05, respectively. In countries with prenatal sex selection, the likelihood of
sex-selective abortion is substantially higher if the previous births are all females, and the sex ratios
become more imbalanced at higher birth parities. This is not the case in Turkey because parents
apply male-biased stopping rules but do not practice sex-selective abortion.
To summarize, DSB is the only mechanism by which couples in Turkey pursue son preference,
and prenatal sex selection is not a common practice. As documented in the existing literature,
the skewed sex ratio distribution conditional on family size is persistent despite the economic
development and fertility decline. The next section offers an empirical strategy to identify the
changes in fertility behavior that have led to the patterns shown earlier.
1.5 Empirical Analysis
1.5.1 Identification Strategy
Without prenatal manipulation, the sex of the first-born child is a random draw. Parents with a
son preference, however, respond differently to this exogenous shock, thus making it possible to
exploit the first child’s sex as a source of an exogenous variation in order to identify the causal
effects of son preference on several fertility decisions. The reduced-form equation in this context
is as follows:
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yirt = α+X ′iΓ+ τZirt +θr +δt +ωrt +uirt (1.1)
where yirt is the fertility outcome (number of pregnancies, number of children born, number of
children alive and indicators for current contraceptive use and having any pregnancy termination
in the past)7 for mother i, who is living in region r, and was interviewed in survey year t. Z is
an indicator of a first-born female, and X is a vector of family background covariates (mother’s
age; age at first birth; years of education; ethnicity; husband’s age and years of education; rural
residence; coresidence of husband’s parents, and dummy variables for whether the marriage was
arranged, and husband’s family or husband paid bride price), θr and δt control for survey-year and
region fixed effects, and ωrt captures the region-specific year fixed-effects. Importantly, adjusting
for these control variables in Eq. 1.1 does not affect the estimated parameter τ given that Z is ran-
dom. It does, however, improve precision.8
The parameter τ reflects the effect of a first-born daughter compared with a first-born son on
couple’s fertility decisions. As mentioned earlier, male infant mortality is higher purely for biolog-
ical reasons; therefore, Z might affect y through both differential mortality rate for males and son
targeting. For example, a woman might be more likely to have another pregnancy if the first child
dies and the mortality risk is higher among male children. To isolate the effect of son preference
from the male differential mortality, Eq. 1.1 controls for the survival status of the first child. The
regression sample is restricted to the women with a singleton first birth, who represent 99.1 percent
of the total sample. Although these adjustments make no statistical difference in the estimation re-
sults, they avoid a potential confusion in the interpretation of τ .
For causal inference, the error term in Eq. 1.1 should be uncorrelated with Z. This threat to
7In the survey, pregnancy termination is defined as having a miscarriage, abortion, or stillbirth.
8Appendix Table 1.10 documents the results from the OLS regressions with and without adjustment for covariates.
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identification is a major concern in countries with abnormal sex ratios at birth because the child’s
sex is a prenatal choice in light of the common practice of sex-selective abortion. In such cases,
children’s sex is likely to be correlated with unobserved family characteristics. There is no fully
robust test to validate the exogeneity assumption, but comparing the families with first-born sons
and first-born daughters is helpful. Observed family characteristics can altogether explain more
than 50 percent of the variation in sibship size. Thus, despite not being perfect, the comparison
is highly informative regarding the validity of the random assignment assumption. As a further
examination, I estimate the following regression:
Zirt = γ+X ′iΦ+θr +δt + εirt (1.2)
using a logit model and report the joint χ2-test result for the null hypothesis that all the estimated
coefficients in the right-hand side of Eq. 1.2 are jointly equal to 0.
When estimating Eq. 1.1, I use ordinary least squares (OLS) as well as the Poisson likelihood
function when the response variable is a count: that is, number of pregnancies, number of chil-
dren born, and number of children alive. There are two reasons to go beyond the standard linear
model. First, the functional form in the Poisson model ensures a positive predicted value for each
family. Second, Poisson estimates show the percentage change in sibship size induced by a female
birth, which is an alternative indicator that shows the change in fertility level with respect to the
baseline fertility preference. The effect of a first-born female on family size depends on couples’
competency at fertility control; hence, the deviation from the baseline fertility level might be a
better indicator when comparing families with different backgrounds because it takes into account
the overall family planning behavior.
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1.5.2 Estimation Results on Fertility
I present the family background characteristics by first child’s sex in Table 1.4. There are no
statistically significant differences between families with first-born sons and those with first-born
daughters with regards to any of the sample characteristics. The p-value for the overall χ2-statistic
from the regression in Eq. 1.2 is 0.53, with an extremely low pseudo-R2. Strictly speaking, the
coefficient vectors Φ, δt , and θr in Eq. 1.2 are jointly equal to 0.9 Given the large sample size,
the data strongly support the assumption that the sex outcome of the first child is not manipulated.
Additionally, the overall sex ratio is balanced among higher parities independent of the first-child’s
sex. The sex ratio of subsequent siblings is 1.04, both in families with first-born sons, and in those
with first-born daughters.
DSB sharply affects the average number of siblings. In Table 1.5, the pooled sample OLS es-
timates show that women with first-born daughters have about 0.20 more pregnancies, 0.19 more
births, and 0.18 more living children than women with first-born sons (columns 1-3, panel A). The
maximum likelihood estimate from the Poisson model reveals that this corresponds to a 6.7 percent
increase in number of living children (column 3, panel A).
Results in panels (B) through (D) of Table 1.5 are based on separate regressions for each age
group. The estimated DSB effects on family size are small for the youngest cohort, and are simi-
larly large for the older age categories. The increase in sibship size induced by a first-born female
for the youngest mother cohort aged 15 to 29 is 0.06 children, or 3.4 percent (column 3, panel B).
The estimated family size effects are much higher for the older cohorts. If the first child is female,
women aged 30 to 39 have approximately 0.25 more children, corresponding to an 8.3 percent
increase in number of living children (column 3, panel C). The results are quantitatively similar
for the oldest cohort (column 3, panel D). The discrepancy of the estimates between young and
9See Appendix Table 1.11 for the full set of individual coefficients.
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old cohorts is due to the fact that some of the young women have not had, and are still pursuing,
a son. The change in contraceptive use behavior among young couples confirms this argument.
Women aged 15 to 29 with first-born daughters are 2.6 percentage points less likely to use either a
traditional or modern contraceptive method than those with first-born sons (column 4, panel A).10
The difference is weaker in older cohorts (column 4, panels C and D).
Irrespective of age category, the probability of pregnancy termination is unrelated to the first
child’s sex, suggesting that families do not use abortion for reaching the desired sex composition
(column 5, panels A-D). Nevertheless, the results must be interpreted with caution because preg-
nancy termination is self-reported and the survey question does not allow one to identify whether
the termination was a health-related procedure.11 Underreporting of abortion cases would bias the
estimated coefficient towards zero.
The change in fertility behaviors induced by the first-child’s sex reveals two important find-
ings. First, son preference has a sizeable impact on family size through DSB. Second, women
are more likely to use contraceptive methods when the first-born child is male. In other words,
contraceptives are used as a tool for stopping fertility after a son.
1.5.3 Heterogeneous Effects on Fertility
Pooled-sample estimates might mask heterogeneous effects on families with different backgrounds.
A common way to reveal treatment heterogeneity is to interact the treatment indicator –in this case
the first-born female indicator– with family characteristics. The results from the interaction effects
are included in the Appendix Tables 1.12-1.15. Overall, the effect of a first-born female on number
10Traditional methods include coitus interruptus, periodic abstinence, and vaginal douche. Modern methods in-
clude oral contraceptives (the Pill), injections, female or male condom, intrauterine device, and sterilization.
11Specifically, the survey question asked the following: “Has the respondent had ever had a pregnancy that was
terminated by a miscarriage, abortion, or stillbirth, i.e., did not result in a live birth?”
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of living children is similar across survey years, suggesting that son targeting endures despite the
decline in fertility over time. A first-born female significantly increases the sibship size for all the
subgroups, categorized by parents’ education level, type of marriage, or residential status. With
the exception of educated women, the percentage changes in number of children are statistically
indistinguishable. The relative family size effect among women with secondary or higher educa-
tion is significantly smaller.
A recent alternative to interaction effects is to use a set of covariates to predict outcomes among
the untreated group. The regression coefficients from the sample of untreated group are then used
to predict outcomes for the full sample. Separate treatment effects can be estimated for each
group after stratifying the predicted values into quantiles. This procedure thus creates an index
of predicted outcomes by using all the relevant covariates instead of interacting each one with the
treatment dummy. Abadie et al. (2013), however, showed that the OLS estimator is severely biased
in finite samples due to overfitting and recommend using either leave-one-out (LOO) or repeated
split sample (RSS) estimators. The LOO estimator avoids overfitting simply by excluding each ob-
servation when estimating the coefficients used to calculate its own predicted value. Alternatively,
the RSS estimator randomly divides prediction sample into two groups and uses only one of them
for prediction. When this is repeated many times and averaged over the number of repetitions, the
small sample bias vanishes.12
I use the families with first-born sons as the “control” group and use endogenous determinants
of fertility level (mother’s age at first birth, father’ and mother’s years of education, region, and
rural residency) to predict number of siblings. Duflo (2012) noted that decrease in fertility and
increase in age at first birth are highly correlated with higher income and education. Urbanization
and migration from agricultural to industrial regions are also associated with economic growth and
12See Abadie et al. (2013) for the detailed description of the methodology.
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prosperity. Note that this prediction step involves simply dividing the sample into quantiles and is
not concerned with causality. The key assumption for the causal identification is that within each
predicted fertility quantile, the sex of the first child is random.
Table 1.6 reports both adjusted and unadjusted differences for each fertility quintile using LOO
and RSS algorithms.13 Unadjusted differences are simple differences in the average number of
children among families with first-born females and first-born males for the corresponding quintile
(columns 1 and 3). As before, adjusted differences control for the full set of covariates (columns
2 and 4). The similarity of the unadjusted and adjusted results speaks to the exogeneity of Zi, and
the type of estimator used does not make a statistical difference in the estimated quantile treatment
effects.
Stratification reveals high variation in number of children across fertility quintiles. At the low-
est predicted fertility quintile, families with first-born sons bear on average 1.69 children compared
with 4.41 children for the highest quintile (column 5, τˆ1 and τˆ5). The number of additional children
induced by a female first birth also declines in response to lower fertility, but the relative change
is strongest at the median level (column 6, τˆ3). If the first child is female, number of children
increases by 0.077 children (4.6 percent) among women in the lowest predicted fertility quintile
(columns 4 and 6, τˆ1). The change in number of siblings is 0.23 children (9.4 percent) at the
middle quintile and 0.27 children (6 percent) for the highest quintile. Considering the significant
family size differences between predicted fertility quintiles, DSB shows a relatively flat response
to decline in fertility. Son preference is significantly prevalent at each fertility level, even among
families with 1.69 children, and causes similar relative changes in the number of siblings. In other
words, the lower fertility predicted by better education, more income and urbanization neither
13Jeremy Ferwerda provides a Stata routine, available online (https://ideas.repec.org/c/boc/bocode/s457801.html -
Last accessed July 29, 2016).
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eliminate nor drastically change the son-biased fertility preference.
1.5.4 Health Effects on Children
In addition to changing fertility behavior and causing differences in sibling sex composition, DSB
might also give rise to health disparities between boys and girls. Rosenblum (2013) developed
an economic model in which sibling sex composition leads to a differential allocation of family
resources among boys and girls. In this framework, sons provide a future economic gain to par-
ents, but daughters come with a future economic burden. The economic gain from an extra son
is larger if the existing proportion of sons is relatively small in the family; therefore, the smaller
the proportion of boys, the greater the incentive for households to favor boys in health investment
(Rosenblum, 2013).
I use a difference-in-differences approach similar to Rosenblum (2013)’s to test the sibling sex
composition hypothesis. In the absence of prenatal sex selection, the sex of the child is random at
any birth parity. If the previous sibling is a girl, however, families have an incentive to invest more
in boys at the next parity. Therefore, in the case of male-biased allocative preference, the gender
difference in health investments should lead to a relative male advantage in health if the previous
sibling is female.
Table 1.7 compares the observable characteristics of parents by each child’s sex for each of the
first four birth parities. Family backgrounds of first-, second-, and third-born boys are identical
to first-, second-, and third-born girls, respectively. Mother’s age and age at first birth, which are
expected to be correlated, are somewhat statistically higher for mothers who have a fourth-born
boy than mothers who have a fourth-born girl, but the differences are very small. Like earlier, I
use a logit model to test whether all the differences in the means reported in the table are jointly
equal to 0. The p-values for the joint χ2-tests are indicated under the observable characteristics for
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each birth order. None of the p-values indicate a significant difference between families of boys
and girls.
The exogenous variation in children’s sex, however, causes significant changes in the sibling
sex composition and family size. Families who had a female child are more likely to have a sub-
sequent birth and on average have higher fertility. For example, mothers who have a second-born
female have 0.16 more births and are 4.8 percentage points more likely to have additional children;
a clear indication of stopping after a male birth (panel 2). Consistent with the previous findings,
the differential stopping behavior is clear across all birth parities.
To investigate the change in gender health gap induced by the previous sibling’s sex, I use
several different versions of the following difference-in-differences estimator:
yi = µ0+µ1Zi1+µ2Zi2+µ3(Zi1×Zi2)+ηi (1.3)
where yi is the early-life health outcome (infant mortality and nutrition), and Zi1 is a female in-
dicator for child i, and Zi2 is a dummy variable and equals to 1 if the previous sibling is female. For
example, when the sample is restricted to second-born children and the outcome is the infant mor-
tality, µ1 shows the girl-boy difference in infant mortality if the first child is male, whereas µ1+µ3
shows the same difference if the first child is female. Thus µ3 is the difference-in-differences esti-
mator and is expected to be positive if a previous female sibling causes boys to be more valuable
and to shift the infant mortality gender gap in favor of males. The expected differences would also
be positive for the probability of stunting and being underweight given that they both indicate poor
nutrition.
I begin with presenting the regression results for the second-born children. This provides the
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most generalizable estimates because (1) the sex of the first-born child is random, and (2) most of
the families in Turkey have at least two children. Although the sex of children is random at any
parity, parents who proceed to the next parity after a female birth might be different from parents
who proceed to the next parity after a male birth. Therefore, restricting the sample to second-born
children attempts to address the self-selection of families into higher birth orders because families
typically have at least two children. In other words, Zi1 and Zi2 in Eq. 1.3 are both plausibly ex-
ogenous.
The difference-in-differences estimator, nevertheless, is still informative in regard to resource
allocation by gender, even for higher birth orders. For example, assume that parents who have a
second-born girl are identical to parents who have a second-born boy but that those who have a
third child after a second-born girl are wealthier than those who have a third child after a second-
born boy. In this case, independent of their gender, children who have an older male sibling would
have poorer health than children who have an older female sibling because of wealth differences
between parents. In other words, Zi1 in Eq. 1.3 is still purely exogenous, while Zi2 is not. However,
in this example, µ2 captures the wealth differences triggered by the previous sibling’s sex whereas
the interaction term µ3 shows the gender differential effect of having an older female sibling. If
only boys are better off by having an older female sibling, which is an evidence of a treatment
heterogeneity, this might be an indicator of a male-biased allocative preference. It is important to
note that the results for children in higher birth orders are less generalizable because the sample
is restricted households with relatively high fertility. However, they reflect potentially important
behavioral responses to the gender composition within a family.
In TDHS, the retrospective birth history includes mortality information covering all births by
the same mother. For the infant mortality estimations, I restrict the sample to children who were
born at least one year before the date of interview. The nutrition outcomes are available only for
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children under age five. Anthropometric measurements are constructed by taking the height and
weight of children, and a child’s immunization is self-reported if an official immunization record
is missing. Following the definitions of the World Health Organization (WHO), I create two di-
chotomous outcome variables that reflect the child’s nutritional status: (1) stunting, which refers
to being less than 2 standard deviations below the age- and gender-normalized median height for
the reference population, and (2) being underweight, which refers to being less than 2 standard
deviations below the age- and gender-normalized median weight for the reference population.
Table 1.8 presents the regression results for the second-born children. Panel (1) shows the
infant mortality rates for the second-born children by the first- and the second-born siblings’ sex
compositions. Independent of the first-child’s sex, second-born girls have a lower mortality rate
than second-born boys, although the estimated difference is insignificant in all cases. Overall,
there is no indication of improvement in male mortality compared with female mortality preceded
by a female birth. These findings hold for the nutrition outcomes as well. Although the estimated
probabilities of stunting and being underweight are slightly higher for girls with an older female
sibling, the difference-in-differences estimators are not statistically significant.
Gender disparities in health, however, emerge among third- or later-born children. Panel (1)
in Table 1.9 shows the mean infant mortality rates for third- or later-born boys and girls. Female
infant mortality is significantly lower than the male infant mortality by 1.5 percentage points if
the previous sibling is male. The biological female advantage, however, disappears if the previous
sibling is female. The difference-in-differences estimate shows a statistically significant shift, 2
percentage points, in female-male mortality gap induced by having an older female sibling. The
point estimates are identical after controlling for birth order fixed effects, and other covariates.
Results are, moreover, similar when the outcome is defined as under-5 mortality.14 The nutrition
14Death of a child of a child under the age of 5. Coefficients are not reported, available upon request from the
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estimates suggest a similar pattern but the statistical inference is weaker because of the small sam-
ple sizes. In all the regressions, standard errors are clustered by mother in order to capture any
correlations in the health outcomes of siblings.
Importantly, Table 1.9 shows that the difference-in-differences estimator is mostly driven by
the improvement in male mortality. Female infant mortality rates are similar independent of the
older sibling’s gender. Male infant mortality rate is, however, 1.4 percentage points lower for males
who have an older female sibling than males who have an older male sibling. The difference is
highly significant in both adjusted and unadjusted regressions.
If families are more likely to value sons who are preceded by daughters, then one would expect
the male improvement in infant mortality to be the strongest among males who do not have an older
male sibling. Appendix Table 1.16 provides supportive evidence of such a pattern by comparing
the girl-boy mortality differences between third-born children with the following older sibling sex
compositions: two males, one male and one female, and two females. Again, female infant mor-
tality rates are similar independent of the sex composition of the previous siblings. Male infant
mortality, however, gradually improves with the number of older female siblings. The gender dif-
ference in infant mortality is 2.4 percentage points in favor of males among children with two older
female siblings compared with those with two older male siblings. (Appendix Table 1.16, panel 3).
I further investigate the gender differences in immunization outcomes for BCG (Bacillus Calmette-
Guerin), DPT (diphtheria, pertussis, tetanus), polio, and MMR (measles-mumps-rubella) vaccina-
tions. Overall, independent of the previous sibling’s sex, the differences in vaccination rates be-
tween males and females are small and not statistically significant.15 This is not surprising given
author.
15See Appendix Table 1.13 for the results.
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that immunization rates are high in Turkey: child vaccination is free of charge and part of routine
procedure in public hospitals.
1.6 Discussion
In Turkey, the trend in the sex ratio at birth fluctuates around the commonly accepted natural sex
ratio, with no evidence or documented history of sex-selective abortion. On the other hand, couples
exhibit strong son preference through family planning and are more likely to halt fertility after a
male birth. My analysis reveals that contraceptive use after a male birth is a contributing factor to
an abnormal sex ratio distribution conditional on sibship size. I provide additional evidence that
abortion is not a common practice for reaching the desired sex composition.
Still, the demand for sons is persistent in response to decline in fertility over time and across
households with parents from different backgrounds. These findings are consistent with Yount
et al. (2000), who showed that the dramatic increase in modern contraceptive use in Egypt from
the 1980s to the early 1990s resulted in a decline in fertility but had no impact on son preference.
My findings further suggest that families that increase their fertility as a result of a previous female
birth favor males in health investment. Similar to Rosenblum (2013)’s findings for India, boys are
better off if they have older female siblings. In other words, the empirical evidence suggests that
families who are seeking a boy show allocative preference in favor of sons once they are born.
The significant changes in family structures and health discrepancies reported here raise the
question of what would happen if parents did not persistently seek sons. One prediction is that
girls and boys would have a similar number of siblings, which would improve equality in intra-
household resource allocation (Becker and Lewis, 1974). Lee (2007) provided empirical evidence
on quantity-quality trade-off in Korea, showing that the exogenous increase in family size caused
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by a first-born female decreases the investment in education for each sibling. Another prediction
is that boys would be less likely to be born in the last parity. Black et al. (2005) showed that the
negative impact of the higher birth order is largest for last-born children. One possibility therefore,
is that the absence of son-biased fertility behavior could further improve gender equality at birth,
although by favoring males. More importantly, females who grow up in households with a high
proportion of females would be better off because the gender discrimination in health investment
emerges predominantly in these large households.
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Figure 1.1: Sex Ratio Trends
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Table 1.1: Implications of a Simple Son-Biased Differential Stopping Rule on Sibling Sex Com-
position
Sibling Sex Composition
Birth Parity B GB GGB GGG Sex Ratio
First
N
2
Boys
N
4
Girls
N
8
Girls
N
8
Girls 1.00
Second
N
4
Boys
N
8
Girls
N
8
Girls 1.00
Third
N
8
Boys
N
8
Girls 1.00
Family Size 1 Child 2 Children 3 Children
Sex Ratio Only male 1.00 0.20
Sex Ratio at Last Birth Only male Only male 1.00
Aggregate Number of Children Boys Girls
7N
8
=
7N
8
Note: This table shows the sibling sex composition from a three-period model, in which there
are N couples, each of which has a target of one son and the maximum number of children that
a couple can have is three. In the upper panel, each cell reports the number of children born
by sex, birth parity, and sibling sex composition. The middle panel reports the overall sex ratio
and the sex ratio at last birth by family size. The lower panel shows the aggregate number of
males and females. Sex ratio refers to the number of males per female. “B” indicates a single
boy, “GB” indicates a first-born girl and a second-born boy, “GGB” indicates a first-born girl,
a second-born girl, and a third-born boy, while “GGG” indicates three girls.
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Table 1.2: Sex Ratios by Total Number of Living Children and Year of Survey
Women Aged 15 to 49
Survey Year
Total Number of 1993 1998 2003 2008 Pooled
Living Children (1) (2) (3) (4) (5)
1 1.17 1.16 1.22 1.22 1.20
2 1.21 1.19 1.21 1.21 1.20
3 1.13 1.09 1.07 1.14 1.11
4 0.97 1.01 0.91 0.90 0.94
5+ 0.93 0.92 0.94 0.89 0.92
Overall 1.05 1.04 1.04 1.05 1.04
Total Number of
Children
Born 3.34 3.19 3.05 2.92 3.11
Still Alive 2.94 2.87 2.80 2.72 2.83
N 5923 5578 7360 6739 25600
Women Aged 35 to 49 (Pooled Sample)
Family Size Sex Ratio N Family Size Percentage Sex Ratio
1 1.24 857 Small 60.8% 1.21
2 1.31 3506 (n≤ 3)
3 1.15 3049
4 0.96 1913 Large 39.2% 0.94
5+ 0.93 2859 (n > 3)
Overall 1.04 12184 100% 1.04
Note: In the upper panel, each cell shows the sex ratio of siblings by total number of living
children in the family and survey year for women aged 15 to 49. The average number of chil-
dren born per family and the average number of children alive are reported by survey year at
the bottom of the upper panel. In the lower panel, column (1) shows the sex ratio by total num-
ber of living children for the pooled sample of women aged 35 to 49. Column (4) reports the
percentage of small (n≤ 3) and large (n> 3) families for the same age group, where n indicates
the number of living children in the family. Column (5) reports the sex ratio of siblings within
small (n ≤ 3) and large (n > 3) families for women aged 35 to 49. The population sex ratio
is reported at the bottom of the lower panel. Sex ratio refers to average number of males per
female. Family size 5+ indicates families with 5 children or more. Sample includes women
with at least one birth history and sample sizes are shown with N.
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Table 1.3: Sex Ratios by Birth Order
Women Aged 15 to 49
Number Birth Order
of Births 1 2 3 4 5 6 7
1 1.21
2 1.19 1.19
3 1.08 1.06 1.26
4 0.92 0.89 0.93 1.20
5 0.98 0.89 0.94 1.07 1.23
6 0.84 0.98 0.89 0.91 1.00 1.23
7+ 0.97 0.94 0.81 0.90 0.94 0.98 0.98
Average birth order Boys = 2.75 Girls = 2.78
Women Aged 35 to 49
Number Birth Order
of Births 1 2 3 4 5 6 7
1 1.24
2 1.30 1.31
3 1.11 1.07 1.27
4 0.94 0.90 0.92 1.31
5 0.99 0.89 1.00 1.11 1.21
6 0.85 1.04 0.87 0.92 1.03 1.25
7+ 0.98 0.93 0.84 0.90 0.94 0.99 0.98
Average birth order Boys = 3.18 Girls = 3.20
Note: In both panels, each cell shows the sex ratio by birth order and total number of births.
The sex ratio at last birth (SRLB) is depicted in bold. The average birth order by sex is reported
at the bottom of each panel. In the the upper panel, the sample includes 79,674 births from
women aged 15 to 49. In the lower panel, the sample includes 48,340 births from women aged
35 to 49. Sex ratio refers to the average number of males per female, and 7+ indicates the
children with a birth order 7 or more.
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Table 1.4: Baseline Characteristics of Families by First Child’s Sex
Family
Characteristics First child’s sex t-test
Boy Girl Difference p-value N
Mother
Age 34.07 34.13 -0.053 0.61 25366
Age at first birth 20.66 20.59 0.067 0.17 25366
Years of education 4.93 4.99 -0.062 0.19 25366
Non-Turkish 0.20 0.19 0.005 0.32 25366
Residential
West 0.27 0.27 0.002 0.76 25366
South 0.16 0.16 -0.003 0.48 25366
Central 0.20 0.20 0.001 0.82 25366
North 0.13 0.13 0.004 0.31 25366
East 0.23 0.23 -0.004 0.45 25366
Rural 0.30 0.30 0.003 0.61 25366
Husband
Age 38.61 38.72 -0.115 0.33 23140
Years of education 7.02 7.07 -0.047 0.33 25269
Patrilocal residence 0.12 0.12 -0.005 0.21 25366
Marriage
Arranged by families 0.61 0.61 0.005 0.44 25355
Paid bride price 0.23 0.24 -0.005 0.38 24956
p-value, joint χ2-test = 0.53
N=25366 pseudo-R2=0.0006
Note: This tables compares the families with first-born sons and first-born daughters. The
first column reports the indicated covariate mean for families with first-born sons, the second
column reports the indicated covariate mean for families with first-born daughters, the third
column reports the difference between the first and the second columns, the fourth column
shows the p-values, which are based on a two-sample t-test of difference in means assuming
equal variances. The last column shows the number of non-missing observations for each
covariate. At the bottom, the p-value from the joint χ2-test is shown. The joint χ2-test is based
on a logit regression of first child’s sex (equals 0 if a boy and 1 if a girl) on all variables in
the table, survey year dummies plus indicator variables for missing husband’s age, husband’s
years of education, arranged marriage, and bride price payment. The null hypothesis is that all
slope coefficients are jointly equal to zero. Regression sample size and pseudo-R2 are shown
at the bottom.
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Table 1.5: Effect of First Child’s Sex on Parents’ Fertility Behavior
Number of Number of Number of Contraceptive Pregnancy
Pregnancies Births Living Children Use Termination
(1) (2) (3) (4) (5)
A
ge
15
-4
9
(A
) τˆOLS 0.204*** 0.189*** 0.184*** -0.016*** -0.001
(0.023) (0.017) (0.015) (0.005) (0.005)
τˆMLE 0.053*** 0.062*** 0.067***
(0.006) (0.005) (0.005)
y¯|Zi = 0 3.82 3.02 2.73 0.70 0.26
A
ge
15
-2
9
(B
) τˆOLS 0.087*** 0.058*** 0.061*** -0.026*** -0.001
(0.022) (0.016) (0.015) (0.010) (0.007)
τˆMLE 0.039*** 0.031*** 0.034***
(0.010) (0.008) (0.008)
y¯|Zi = 0 2.29 1.93 1.82 0.70 0.12
A
ge
30
-3
9
(C
) τˆOLS 0.250*** 0.263*** 0.247*** -0.014* -0.012
(0.035) (0.026) (0.023) (0.008) (0.009)
τˆMLE 0.060*** 0.080*** 0.083***
(0.008) (0.008) (0.007)
y¯|Zi = 0 3.96 3.11 2.85 0.78 0.29
A
ge
40
-4
9
(D
) τˆOLS 0.273*** 0.234*** 0.233*** -0.008 0.016
(0.056) (0.040) (0.034) (0.010) (0.011)
τˆMLE 0.053*** 0.059*** 0.065***
(0.010) (0.009) (0.009)
y¯|Zi = 0 5.37 4.13 3.60 0.58 0.37
Note: Each column shows the effect of a first-born female on the number of pregnancies,
number of births, number of living children, current contraceptive use (includes withdrawal,
periodic abstinence, vaginal douche, the pill, injections, female or male condom, intrauterine
device, or sterilization), and any pregnancy termination in the past (includes miscarriages,
abortions, or still births). In each of the panels (A) through (D), for women in the indicated
age group, τˆOLS shows the OLS estimate and τˆMLE shows the maximum likelihood estimate
assuming a Poisson process. Mean outcomes for families with first-born males are shown
with y¯|Zi = 0. Samples sizes in panel (A), panel (B), panel (C), and panel (D) are 25366,
8301, 9657, and 7408, respectively. All regressions control for the first born’s survival, year of
survey, region, year of survey and region interactions, mother’s age, age at first birth, years of
education, ethnicity, rural residence, husband’s age and years of education, patrilocal residence,
whether the marriage was arranged and husband paid a bride price plus indicator variables
for missing husband’s age, husband’s years of education, arranged marriage, and bride price
payment. Heteroskedasticity-consistent standard errors are in parentheses. Significance levels
are indicated by * < .10, ** < .05, *** < .01.
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Table 1.6: Endogenous Stratification Results on the Number of Living Children
Repeated Split Sample Leave-One-Out
Quantile Unadjusted Adjusted Unadjusted Adjusted y¯k|Zi = 0 %∆ Nk
(1) (2) (3) (4) (5) (6) (7)
τˆ1 0.096*** 0.076*** 0.095*** 0.077*** 1.69 0.046 5073
(0.021) (0.019) (0.021) (0.019)
τˆ2 0.152*** 0.144*** 0.137*** 0.128*** 2.12 0.060 5067
(0.027) (0.022) (0.029) (0.024)
τˆ3 0.234*** 0.218*** 0.256*** 0.229*** 2.44 0.094 5081
(0.034) (0.026) (0.039) (0.028)
τˆ4 0.213*** 0.215*** 0.209*** 0.219*** 2.99 0.073 5073
(0.046) (0.031) (0.047) (0.035)
τˆ5 0.283*** 0.259*** 0.295*** 0.265*** 4.41 0.060 5072
(0.071) (0.044) (0.071) (0.044)
Note: This table shows the effects of a first-born daughter on the number of living children
for each of the predicted fertility quantiles. The outcome is the number of living children in
the family. Columns (1)-(4) show the treatment effects for each fertility quantile, τˆk, where
k = {1,2,3,4,5}. Columns (1) and (2) are estimated with the repeated split sample estimator.
Columns (3) and (4) are estimated with the leave-one-out estimator. Both estimation methods
are provided in Abadie et al. (2014). Column (5) shows the mean number of children for
families with a first born male, indicated with y¯k|Zi = 0 for each fertility quantile. Column (6)
shows the percentage change (%∆) in family size induced by a first-born female and calculated
by dividing the treatment effect in column (4) by the mean number of children in column
(5). Variables that are used to predict the fertility quantiles are the mother’s age at first birth,
mother’s and father’s years of education, rural residence, and region. Adjusted regressions
control for the firstborn’s survival, year of survey, mother’s age, age at first birth, education
level, ethnicity, region, rural residence, husband’s age, husband’s education level, patrilocal
residence, whether the marriage was arranged and husband paid a bride price plus indicator
variables for missing husband’s age, husband’s education, arranged marriage and bride price
payment. The number of repeated split sample repetitions is 100. Bootstrapped standard errors
are in parentheses. Significance levels are indicated by * < .10, ** < .05, *** < .01.
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Table 1.7: Family Characteristics, Number of Births and the Sibling Sex Composition by Birth
Parity and Child’s Sex
(1) (2) (3) (4)
Family First-child Second-child Third-child Fourth-child
Characteristics Boy Girl Diff. Boy Girl Diff. Boy Girl Diff. Boy Girl Diff.
Mother
Age 34.07 34.13 -0.053 35.82 35.74 0.081 37.39 37.52 -0.128 38.85 39.49 0.357**
Age at first birth 20.66 20.59 0.067 20.10 20.14 -0.043 19.36 19.38 -0.017 18.90 18.74 0.161**
Years of education 4.93 4.99 -0.062 4.46 4.40 0.066 3.39 3.31 0.079 2.45 2.47 -0.015
Non-Turkish 0.20 0.19 0.005 0.21 0.21 -0.005 0.27 0.27 -0.006 0.35 0.36 -0.008
Husband
Age 38.61 38.72 -0.115 40.34 40.23 0.111 42.04 42.08 -0.043 45.53 43.27 0.253
Years of education 7.02 7.07 -0.047 6.72 6.66 0.062 5.89 5.91 -0.021 5.21 5.17 0.043
Residence
Rural 0.30 0.30 0.003 0.32 0.32 -0.001 0.36 0.37 -0.009 0.40 0.41 -0.010
Patrilocal 0.12 0.12 -0.005 0.09 0.10 -0.006 0.09 0.08 0.008* 0.07 0.07 0.006
Marriage
Arranged 0.61 0.61 0.005 0.65 0.65 -0.003 0.71 0.72 -0.003 0.75 0.75 0.001
Paid a bride price 0.23 0.24 -0.005 0.26 0.27 -0.001 0.36 0.35 0.005 0.44 0.46 -0.019*
p-value, χ2-test 0.57 0.92 0.12 0.32
Differential
Stopping
Number of births 3.02 3.20 -0.181*** 3.54 3.70 -0.160*** 4.47 4.74 -0.269*** 5.56 5.74 -0.179***
Boys (%) 0.67 0.35 0.65 0.37 0.61 0.39 0.58 0.39
Girls (%) 0.33 0.65 0.35 0.63 0.39 0.61 0.42 0.61
P (More Children) 0.79 0.81 -0.020*** 0.60 0.65 -0.048*** 0.56 0.65 -0.081*** 0.59 0.65 -0.053***
Number of obs. 25,366 20,397 12,701 7,676
Note: This table compares the children in families by sex of the child at each parity. Panel (1) compares the
families with first-born sons and first-born daughters. Panel (2) compares the families with second-born sons and
second-born daughters. Panel (3) compares the families with third-born sons and third-born daughters. Panel (4)
compares the families with fourth-born sons and fourth-born daughters. The reported differences are from a two-
sample t-test of difference in means assuming equal variances. At the bottom of family characteristics, the p-value
from the joint χ2-test is shown. The joint χ2-test is based on a logit regression of the child’s sex at each birth parity
(equals 0 if a boy and 1 if a girl) on all variables in the table, and survey year dummies plus indicator variables
for missing husband’s age, husband’s years of education, arranged marriage and bride price payment. The null
hypothesis is that all slope coefficients are jointly equal to zero. Significance levels are indicated by * < .10, **
< .05, *** < .01.
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Table 1.8: The Effect of the First-born Sibling’s Sex on the Second-born Child’s Health
(1) (2) (3)
Infant Mortality Stunting Underweight
First-born First-born First-born
Boy Girl Boy Girl Boy Girl
Second-born Second-Born Second-born Second-born Second-born Second-born
Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl
Mean 0.067 0.064 0.066 0.060 0.126 0.131 0.118 0.130 0.049 0.049 0.038 0.056
SD [0.25] [0.24] [0.25] [0.24] [0.33] [0.34] [0.32] [0.34] [0.22] [0.22] [0.19] [0.23]
Girl-Boy -0.003 -0.007 0.006 0.013 -0.000 0.018*
(0.005) (0.005) (0.016) (0.016) (0.010) (0.011)
DID -0.004 0.007 0.018
(0.007) (0.023) (0.015)
Covariate Adj.
DID -0.006 0.005 0.017
(0.007) (0.022) (0.014)
N 19,552 3,399 3,399
Note: This table compares the health outcomes of the second-born children by first-born sib-
ling’s sex. Panel (1) compares the infant mortality rates, Panel (2) compares the probability
of stunting, and Panel (3) compares the probability of being underweight. Infant mortality is
defined as the death of a child under the age of one. In Panel (1), sample is restricted to children
who were born at least 12 months before the date of interview. Stunting is defined as being
less than two standard deviations below the age- and gender-normalized median height for the
reference population. Being underweight is defined as being less than two standard deviations
below the age- and gender-normalized median weight for the reference population. Height and
weight regressions only include children under the age of five at the time of the interview. Girl-
boy shows the mean estimate of gender differences in health by older sibling’s sex. DID shows
the mean estimate of differences in gender-differential health between children who has an
older female sibling and children who has an older male sibling. The covariate adjusted results
are from the regressions that control for the year of survey, region, year of survey and region
interactions, mother’s age, age at first birth, years of education, ethnicity, rural residence, hus-
band’s age and years of education, patrilocal residence, whether the marriage was arranged
and bride’s family received a bride price plus indicator variables for missing husband’s age,
husband’s years of education, arranged marriage and bride price payment. Heteroskedasticity-
consistent standard errors are in parentheses. Significance levels are indicated by * < .10, **
< .05, *** < .01.
CHAPTER 1. SON PREFERENCE AND THE NON-MISSING GIRLS 33
Table 1.9: The Effect of Previous Sibling’s Sex on Next Parity
Pooled sample (1) (2) (3)
estimates Infant Mortality Stunting Underweight
(n≥ 3) Birth order, n−1 Birth order, n−1 Birth order, n−1
Boy Girl Boy Girl Boy Girl
Birth order, n Birth order, n Birth order, n Birth order, n Birth order, n Birth order, n
Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl
Outcome
Mean 0.090 0.074 0.076 0.080 0.216 0.231 0.201 0.229 0.089 0.090 0.087 0.103
SD [0.29] [0.26] [0.26] [0.27] [0.41] [0.42] [0.40] [0.42] [0.29] [0.29] [0.28] [0.30]
Girl-Boy -0.015*** 0.005 0.015 0.028* 0.001 0.016
(0.005) (0.004) (0.017) (0.016) (0.012) (0.011)
DID 0.020*** 0.013 0.015
(0.006) (0.023) (0.016)
Covariate-adj.
DID 0.020*** 0.018 0.022
(0.006) (0.022) (0.016)
N 31,820 5,064 5,064
Note: This table compares the infant mortality rates, probability of stunting and being un-
derweight between boys and girls by older sibling’s sex. Regression samples are restricted to
children who were born in the third birth parity or later. Panel (1) compares the infant mortality
rates, Panel (2) compares the probability of stunting, and Panel (3) compares the probability
of being underweight. Infant mortality is defined as the death of a child under the age of one.
In Panel (1), sample is restricted to children who were born at least 12 months before the date
of interview. Stunting is defined as being less than two standard deviations below the age-
and gender-normalized median height for the reference population. Being underweight is de-
fined as being less than two standard deviations below the age- and gender-normalized median
weight for the reference population. Height and weight regression only include children un-
der the age of five at the time of the interview. Girl-boy shows the mean estimate of gender
differences in health by older sibling’s sex. DID shows the mean estimate of differences in
gender-differential health between children who has an older female sibling and children who
has an older male sibling. The lower panel shows the same results from the regressions that
control for the child’s birth order, year of survey, region, year of survey and region interactions,
mother’s age, age at first birth, years of education, ethnicity, rural residence, husband’s age and
years of education, patrilocal residence, whether the marriage was arranged and husbad paid
a bride price plus indicator variables for missing husband’s age, husband’s years of education,
arranged marriage and bride price payment. Standard errors are in parentheses and clustered
by mother. Significance levels are indicated by * < .10, ** < .05, *** < .01.
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Table 1.10: (Appendix)
OLS Regression Coefficients for Fertility Outcomes
Number of Number of Number of Contraceptive Pregnancy
Pregnancies Births Living Children Use Termination
Coef. Std. Coef. Std. Coef. Std. Coef. Std. Coef. Std.
Variable Err. Err. Err. Err. Err.
τˆOLS (Unadjusted) 0.202 0.033 0.181 0.026 0.196 0.022 -0.014 0.006 0.003 0.005
τˆOLS (Adjusted) 0.204 0.023 0.189 0.017 0.184 0.015 -0.016 0.005 -0.001 0.005
Number of Observations 25366 25366 25366 25366 25366
R2 0.519 0.573 0.538 0.134 0.116
Note: This table compares the OLS estimates of a first-born girl on fertility outcomes with and
without adjusting for the family level covariates. The first row reports the OLS regression of
the fertility outcome on the first-born female dummy without additional covariates. The sec-
ond row reports the OLS regression of the fertility outcome on the first-born female dummy
after controlling for the first born’s survival, year of survey, region, year of survey and region
interactions, mother’s age, age at first birth, years of education, ethnicity, rural residence, hus-
band’s age and years of education, patrilocal residence, whether the marriage was arranged
and husband’s family paid a bride price plus indicator variables for missing husbands age,
husbands years of education, arranged marriage and bride price payment. Standard errors are
heteroskedasticity-consistent.
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Table 1.11: (Appendix)
Coefficients for the Logit Regression
Variable Coefficient Standard Error 95 % Confidence Interval
Mother’s age 0.0014 0.0029 -0.0042 0.0070
Mother’s age at 1st birth -0.0067 0.0037 -0.0139 0.0005
Mother’s years of education 0.0065 0.0047 -0.0027 0.0157
Mother Non-Turkish -0.0629 0.0404 -0.1421 0.0162
West -0.0539 0.0418 -0.1359 0.0280
South -0.0127 0.0448 -0.1005 0.0750
Central -0.0597 0.0439 -0.1458 0.0263
North -0.0876 0.0492 -0.1840 0.0088
Rural -0.0128 0.0294 -0.0704 0.0447
Patrilocal Family 0.0808 0.0434 -0.0043 0.1659
Father’s age 0.0015 0.0026 -0.0036 0.0066
Father’s age missing -0.0167 0.0477 -0.1103 0.0769
Father’s years of education 0.0013 0.0042 -0.0068 0.0095
Father’s education missing 0.0749 0.2041 -0.3251 0.4750
Arranged marriage -0.0248 0.0280 -0.0798 0.0301
Arranged marriage missing -0.4056 0.6322 -1.6447 0.8334
Bride price paid 0.0432 0.0341 -0.0237 0.1101
Bride price payment missing -0.0906 0.1053 -0.2970 0.1157
Survey year=1998 0.0151 0.0393 -0.0620 0.0922
Survey year=2003 0.0158 0.0378 -0.0583 0.0899
Survey year=2008 -0.0106 0.0389 -0.0868 0.0657
Constant -0.0433 0.1090 -0.2569 0.1702
Pseudo-R2 = 0.0006
Number of Observations = 25,366
χ2-test statistic = 19.84
Prob [χ2 > 19.84]= 0.5317
Note: This table reports the full set of coefficients from the logit regression of the first child’s
gender (equals 0 if a boy and 1 if a girl) on all the variables in the table. The first column reports
the coefficients, the second column reports the standard errors of the coefficients, and the last
two columns report the 95 percent confidence intervals for the estimated coefficients. The joint
χ2-test results at the bottom are based on the null hypothesis that all the slope coefficients are
jointly equal to zero.
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Table 1.12: (Appendix)
Interaction Effects on Family Size
Women Aged 15-49
Survey Year Mother Father
(1) (2) (3)
Category OLS % ∆ Category OLS % ∆ OLS % ∆
1993 0.162*** 0.057*** Primary < 0.255*** 0.057*** 0.236** 0.049**
(0.031) (0.011) (0.046) (0.010) (0.099) (0.019)
1998 0.151*** 0.054*** Primary 0.206*** 0.082*** 0.212*** 0.069***
(0.032) (0.011) (0.018) (0.007) (0.023) (0.007)
2003 0.211*** 0.075*** Secondary ≥ 0.060*** 0.036*** 0.143*** 0.067***
(0.028) (0.010) (0.020) (0.010) (0.017) (0.007)
2008 0.203*** 0.076***
(0.028) (0.010)
p-value 0.40 0.27 < 0.001 < 0.001 0.05 0.62
N 25366 25366 25366
R2 0.55 0.55 0.55
Note: This table shows the effect of a first-born female on sibship size for different subgroups estimated
by interacting the first-born female dummy with each category of interest. The sample includes 25,366
women aged 15-49. The outcome is the number of living children in the family. Panel (1) reports the
effect of a first-born female on total number of living children by survey year. Panel (2) reports the
effect of a first-born female on total number of living children by mother’s education level. Panel (3)
reports the effect of a first-born female on total number of living children by father’s education level.
The first column in each panel is estimated with OLS. The second column in each panel is estimated
with maximum likelihood assuming a Poisson process and shows the relative change in family size, %∆,
induced by a first-born female. The reported p-values are from χ2-tests based on the null hypothesis
that the estimated coefficients are the same across the subgroups. All regressions control for the first
born’s survival, year of survey, mother’s age, age at first birth, education level, ethnicity, region, rural
residence, husband’s age, husband’s education level, patrilocal residence, whether the marriage was
arranged and husband’s family paid a bride price plus indicator variables for missing husband’s age,
husband’s education, arranged marriage and bride price payment. Heteroskedasticity-consistent standard
errors are in parentheses. Significance levels are indicated by * < .10, ** < .05, *** < .01.
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Table 1.13: (Appendix)
Interaction Effects on Family Size
Women Aged 35-49
Survey Year Mother Father
(1) (2) (3)
Category OLS % ∆ Category OLS % ∆ OLS % ∆
1993 0.193*** 0.052*** Primary < 0.239*** 0.049*** 0.104 0.026
(0.058) (0.015) (0.060) (0.012) (0.124) (0.022)
1998 0.195*** 0.056*** Primary 0.288*** 0.090*** 0.272*** 0.071***
(0.055) (0.015) (0.031) (0.009) (0.036) (0.009)
2003 0.270*** 0.076*** Secondary ≥ 0.085** 0.041*** 0.215*** 0.078***
(0.045) (0.013) (0.036) (0.015) (0.030) (0.010)
2008 0.264*** 0.081***
(0.044) (0.013)
p-value 0.56 0.36 < 0.001 0.004 0.27 0.11
N 12093 12093 12048
R2 0.52 0.52 0.52
Note: This table shows the effect of a first-born female on sibship size for different subgroups estimated
by interacting the first-born female dummy with each category of interest. The sample includes 12,093
women aged 35-49. The outcome is the number of living children in the family. Panel (1) reports the
effect of a first-born female on total number of living children by survey year. Panel (2) reports the
effect of a first-born female on total number of living children by mother’s education level. Panel (3)
reports the effect of a first-born female on total number of living children by father’s education level.
The first column in each panel is estimated with OLS. The second column in each panel is estimated
with maximum likelihood assuming a Poisson process and shows the relative change in family size, %∆,
induced by a first-born female. The reported p-values are from χ2-tests based on the null hypothesis
that the estimated coefficients are the same across the subgroups. All regressions control for the first
born’s survival, year of survey, mother’s age, age at first birth, education level, ethnicity, region, rural
residence, husband’s age, husband’s education level, patrilocal residence, whether the marriage was
arranged and husband’s family paid a bride price plus indicator variables for missing husband’s age,
husband’s education, arranged marriage and bride price payment. Heteroskedasticity-consistent standard
errors are in parentheses. Significance levels are indicated by * < .10, ** < .05, *** < .01.
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Table 1.14: (Appendix)
Interaction Effects on Family Size
Women Aged 15-49
Patrilocal Residence Arranged Marriage Bride Price Paid
(1) (2) (3)
Category OLS % ∆ OLS % ∆ OLS % ∆
No 0.185*** 0.065*** 0.147*** 0.065*** 0.163*** 0.066***
(0.016) (0.005) (0.021) (0.008) (0.015) (0.006)
Yes 0.179*** 0.080*** 0.208*** 0.067*** 0.250*** 0.067***
(0.038) (0.016) (0.020) (0.006) (0.042) (0.010)
Difference -0.006 0.015 0.061** 0.003 0.087* 0.001
(0.042) (0.017) (0.029) (0.011) (0.044) (0.012)
N 25366 25355 24956
R2 0.55 0.55 0.55
Note: This table shows the effect of a first-born female on sibship size for different subgroups
estimated by interacting the first-born female dummy with each category of interest. The sam-
ple includes 25,366 women aged 15-49. The outcome is the number of living children in the
family. Panel (1) reports the effect of a first-born female on total number of living children by
patrilocal residency. Panel (2) reports the effect of a first-born female on total number of living
children by type of marriage. Panel (3) reports the effect of a first-born female on total number
of living children by bride price payment to bride’s family. The first column in each panel
is estimated with OLS. The second column in each panel is estimated with maximum likeli-
hood assuming a Poisson process and shows the relative change in family size, %∆, induced
by a first-born female. The reported differences show if the estimated coefficients are the same
across the two subgroups. All regressions control for the first born’s survival, year of survey,
mother’s age, age at first birth, education level, ethnicity, region, rural residence, husband’s
age, husband’s education level, patrilocal residence, whether the marriage was arranged and
husband’s family paid a bride price plus indicator variables for missing husband’s age, hus-
band’s education, arranged marriage and bride price payment. Heteroskedasticity-consistent
standard errors are in parentheses. Significance levels are indicated by * < .10, ** < .05, ***
< .01.
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Table 1.15: (Appendix)
Interaction Effects on Family Size
Women Aged 35-49
Patrilocal Residence Arranged Marriage Bride Price Paid
(1) (2) (3)
Category OLS % ∆ OLS % ∆ OLS % ∆
No 0.233*** 0.066*** 0.230*** 0.077*** 0.216*** 0.069***
(0.025) (0.007) (0.039) (0.012) (0.025) (0.008)
Yes 0.321** 0.090** 0.238*** 0.063*** 0.281*** 0.064***
(0.130) (0.036) (0.032) (0.008) (0.062) (0.013)
Difference 0.088 0.023 0.008 -0.014 0.065 -0.004
(0.133) (0.036) (0.050) (0.015) (0.067) (0.015)
N 12093 12087 11916
R2 0.52 0.52 0.52
Note: This table shows the effect of a first-born female on sibship size for different subgroups
estimated by interacting the first-born female dummy with each category of interest. The sam-
ple includes 25,366 women aged 15-49. The outcome is the number of living children in the
family. Panel (1) reports the effect of a first-born female on total number of living children by
patrilocal residency. Panel (2) reports the effect of a first-born female on total number of living
children by type of marriage. Panel (3) reports the effect of a first-born female on total number
of living children by bride price payment to bride’s family. The first column in each panel
is estimated with OLS. The second column in each panel is estimated with maximum likeli-
hood assuming a Poisson process and shows the relative change in family size, %∆, induced
by a first-born female. The reported differences show if the estimated coefficients are the same
across the two subgroups. All regressions control for the first born’s survival, year of survey,
mother’s age, age at first birth, education level, ethnicity, region, rural residence, husband’s
age, husband’s education level, patrilocal residence, whether the marriage was arranged and
husband’s family paid a bride price plus indicator variables for missing husband’s age, hus-
band’s education, arranged marriage and bride price payment. Heteroskedasticity-consistent
standard errors are in parentheses. Significance levels are indicated by * < .10, ** < .05, ***
< .01.
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Table 1.16: (Appendix)
Infant Mortality Differences among Third-born Children
Sex composition of the first two siblings
(1) (2) (3)
Two Boys One Boy & One Girl Two Girls
Third-born Third-Born Third-born
Boy Girl Boy Girl Boy Girl
Mean 0.081 0.068 0.068 0.068 0.060 0.071
Standard Deviation [0.27] [0.25] [0.25] [0.25] [0.24] [0.26]
Girl-Boy difference -0.012 0.001 0.011
(0.009) (0.007) (0.009)
Difference-in-differences Reference 0.013 0.024*
(0.011) (0.013)
Covariate Adjusted Reference 0.015 0.024*
Difference-in-differences (0.011) (0.013)
N 12,207
Note: This table compares the infant mortality rates of the third-born children by sex composi-
tion of the older two siblings. Infant mortality is defined as the death of a child under the age of
one. The sample is restricted to children who were born at least 12 months before the time of
the interview. Girl-boy difference estimator shows the gender difference in infant mortality for
third-born children by sex composition of the older two siblings. In panel (2), difference-in-
difference estimator shows the difference in girl-boy infant mortality gap between third-born
children who have no older male siblings and who have one female older sibling. In panel
(3), difference-in-difference estimator shows the difference in girl-boy infant mortality gap
between third-born children who have no older male siblings and who have no older female
siblings. The covariate adjusted results are from the regressions that control for the first- and
second-born older sibling’s sex, year of survey, region, year of survey and region interactions,
mother’s age, age at first birth, years of education, ethnicity, rural residence, husband’s age and
years of education, patrilocal residence, whether the marriage was arranged and bride’s family
received a bride price plus indicator variables for missing husband’s age, husband’s years of
education, arranged marriage and bride price payment. Heteroskedasticity-consistent standard
errors are in parentheses. Significance levels are indicated by * < .10, ** < .05, *** < .01.
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Table 1.17: (Appendix)
The Effect of Previous Sibling’s Sex on Vaccination
Birth (1) (2) (3) (4)
Order BCG DPT Polio MMR
n−1 Boy Girl Boy Girl Boy Girl Boy Girl
n Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl
Mean 0.81 0.82 0.82 0.81 0.82 0.82 0.83 0.82 0.87 0.87 0.88 0.87 0.69 0.68 0.70 0.69
SD [0.39] [0.39] [0.39] [0.39] [0.38] [0.38] [0.37] [0.39] [0.33] [0.33] [0.32] [0.34] [0.46] [0.47] [0.46] [0.46]
Girl-Boy 0.002 -0.007 0.001 -0.016 -0.000 -0.018 -0.010 -0.013
(0.013) (0.013) (0.013) (0.013) (0.011) (0.011) (0.016) (0.015)
DID -0.009 -0.017 -0.018 -0.004
(0.018) (0.018) (0.016) (0.022)
Cov. adj.
DID -0.007 -0.017 -0.017 0.001
(0.017) (0.017) (0.015) (0.020)
N 7,456 7,327 7,557 7,252
Note: This table compares the vaccination rates between boys and girls by previous sibling’s sex. Re-
gression samples are restricted to children who were born in the second birth parity or later and who were
under the age of five at the time of the interview. Immunization outcomes are compared for BCG (Bacil-
lus Calmette-Guerin), DPT (diphtheria, pertussis, tetanus), Polio, and MMR (measles-mumps-rubella)
vaccinations in Panel (1) through Panel (4), respectively. Girl-boy estimator shows the gender difference
in vaccination rates by previous sibling’s sex. DID estimator shows the difference in girl-boy differences
between children who has a previous female sibling and children who has a previous male sibling. The
lower panel shows the same results from the regressions that control for the child’s birth order, year of
survey, region, year of survey and region interactions, mother’s age, age at first birth, years of educa-
tion, ethnicity, rural residence, husband’s age and years of education, patrilocal residence, whether the
marriage was arranged and husband paid a bride price plus indicator variables for missing husband’s
age, husband’s years of education, arranged marriage and bride price payment. Standard errors are in
parentheses and clustered by mother. Significance levels are indicated by * < .10, ** < .05, *** < .01.
Chapter 2
Family Size and Labor Supply Under
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2.1 Introduction
One of the most important changes that take place during the demographic transition that many
developing countries experience is the decline in fertility. Bloom et al. (2009) have argued that
declines in fertility may lead to increases in female labor supply that can accelerate economic
growth. Women’s employment may increase household income, reducing child labor and poten-
tially increasing child welfare (Schultz, 2007). There is an inherent tension, however, between
market work, on one hand, and childcare and household chores, on the other, that may be greater
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in developed countries, and decreased fertility may not always lead to increased labor force partic-
ipation for women (Mammen and Paxson, 2000).
Establishing a causal link between fertility and labor supply is challenging. Because both are
choice variables, fertility cannot be treated as exogenous in the labor supply equation. A variety of
strategies have been used to exploit plausibly exogenous variation in fertility. The most common
strategies exploit variation from unexpected increases (multiple births, particularly twinning, and
successful in vitro fertilization) or decreases (infertility and miscarriages) in the number of actual
or potential births.1 Before the advent of fertility-enhancing drugs, twinning could be considered a
mostly random phenomenon, although Hoekstra et al. (2008) note that there are a variety of envi-
ronmental and genetic factors that seem to be associated with dizygotic (non-identical) twinning.2
Giving birth to twins may induce behavioral changes, however, which are not random and also
affect overall fertility, e.g. increased use of contraception. Twins may also affect parental behav-
ior in ways that are different from an increase in the number of children through singleton births.
Behrman and Rosenzweig (2004), for example, note that twins are more likely to be lighter and
less healthy than singletons. To the extent that parents (mothers, in particular) spend more time
with sickly children, twins may affect labor supply in ways that are different than an increase in
family size through a singleton birth. Using miscarriage as an instrument for fertility is also some-
what problematic. Induced abortion may be reported as miscarriage and recall bias, reporting or
measurement errors in measured miscarriages may be systematically related to fertility preferences
(Schultz, 2007).
1Multiple births and twinning: Rosenzweig and Wolpin (1980), Bronars and Grogger (1994), Angrist and Evans
(1998), Jacobsen et al. (1999), Vere (2011), Ca´ceres-Delpiano (2012), Karbownik and Myck (2012), and Moschion
(2013). Fertility: Agu¨ero and Marks (2011). Miscarriages: Hotz et al. (2005), Li (2009), and Miller (2009). In vitro
fertilization: Lundbord et al. (2014).
2The determinants of monozygotic (identical) twinning are largely unknown, but the share of monozygotic twins
is quite constant over time and across populations, indicating that monozygotic twins are likely to be more random
than dizygotic twins. The rate of dizygotic twinning varies by country and race (Hoekstra et al., 2008), but roughly
speaking dizygotic twins account for at least two-thirds of all twin births.
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Parental preferences for children of a particular sex (i.e. boys) or mix of children (e.g. at least
one of each sex) have also been exploited to create instruments for fertility.3 In the absence of sex-
selective abortion (e.g. through the use of ultrasound, amniocentesis, or chronic villus sampling),
the gender allocation of children is as good as randomly assigned. Highly male-skewed sex ratios
at birth in China (including Taiwan), Azerbaijan, Albania, India, Vietnam, and South Korea (Guil-
moto, 2012) suggests that instruments based on the sex of the first child or the sex composition of
early births may not be as good as random in these countries. Even within Asian ethnic groups in
the U.S. and Canada, the sex ratio (male births / female births) is larger than expected (Almond and
Edlund, 2008; Almond et al., 2013), casting some doubt on the validity of instruments based on
parents’ preferences in these groups. In addition, recent research by Ichino et al. (2014) highlights
that marriage survival is sensitive to the sex of the first born in the U.S., U.K., Italy, and Sweden,
suggesting that, because of selection bias, instruments for fertility that are based on the sex of the
first born or sex composition of early births may not be as valid in countries where divorce is rela-
tively common.
Schultz (2007) suggests that there is little consensus on whether these variables are valid in-
struments in order to estimate the causal effect of fertility on female labor supply and other family
outcomes. But even when the instruments are valid, estimated effects may depend on the choice of
the instrument. As shown by Imbens and Angrist (1994), the estimated effect from the exogenous
variation induced by the instrument corresponds to a local average treatment effect (LATE) for a
specific subgroup of compliers. In the context of the effect of fertility on labor supply, Ebenstein
(2009) has noted that the estimated LATE might be different from the average treatment effect
(ATE) in the population as well as the average effect of the treatment on the treated (ATT). The
3Son preference: Chun and Oh (2002), Nam (2010), and Azimi (2015). Composition Preference: Angrist and
Evans (1998), Iacovou (2001), Cruces and Galiani (2007), Daouli et al. (2009), Hirvonen (2009), Priebe (2010),
Karbownik and Myck (2012), Moschion (2013), and Ukil (2015).
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estimated LATEs of family size on female labor supply vary substantially in the literature, both
across samples and across different instruments. Although these different findings may be due to
institutional differences such as variation in paid maternal schemes (Moschion, 2013), it is also
likely that they vary due to different instruments affecting the behavior of different subgroups of
compliers.
While most of the literature estimating a causal effect of fertility on labor supply has been
done on developed countries like the U.S. and the U.K., a smaller but growing literature has ex-
amined the effects in developing countries, with a variety of data sources.4 The results are mixed
here as well, with fertility sometimes having a strong negative effect on labor supply and in other
having little effect. To our knowledge, only Azimi (2015) and Priebe (2010) examine the effect
of labor supply in countries that are majority Muslim. We exploit exogenous variation in family
size induced by son-biased fertility preferences in Turkey to estimate the causal effect of family
size on parental labor supply. There is a strong preference for sons in Turkey. Using the Turkish
Demographic and Health Surveys, Altindag (2016) finds that parents in Turkey are substantially
more likely to have additional children following a female birth at any birth parity. He also shows
that there is no evidence of sex-selective abortion in Turkey, a key requirement for using sex of
the first born or early births as instruments. Using data on over 140,000 families with at least one
child from the Public Use Micro Sample of the 2000 Turkish Census, we find a similarly strong
relationship between overall family fertility and the sex composition of children. We use the strong
quasi-random variation induced by the sex of the first child and first two children as instruments
for family size to estimate the impact of fertility on labor supply. While our OLS results sug-
4Ca´ceres-Delpiano (2012) uses 40 developing countries from the Demographic and Health Surveys (DHS),
Agu¨ero and Marks (2011) examine 26 low- and middle-income countries in the DHS, Chun and Oh (2002) use the
National Survey of Family Income and Expenditure from South Korea, Cruces and Galiani (2007) use census data
from Argentina, Daouli et al. (2009) use census data from Greece, Ebenstein (2009) uses census data from Taiwan and
the U.S., Nam (2010)uses census data from South Korea, Azimi (2015) uses the Household and Expenditure Survey
from Iran, Priebe (2010) uses the SUESNAS socioeconomic survey in Indonesia, and Karbownik and Myck (2012)
use Household Budget Survey data in Poland.
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gest a negative effect of fertility on the labor force participation and employment of both men and
women, our instrumental variables estimates indicate that fertility has little impact on women and
potentially a positive effect on men. Because divorce is relatively uncommon in Turkey, our results
are likely not subject to selection bias.
We find that the labor supply of the overall and complier populations is similar, although com-
pliers are more educated. Counterfactual analysis suggests that the estimated zero labor supply
effects cannot be attributed to negative selection based on labor supply or other exogenous com-
plier characteristics. These results call for caution regarding the interpretation and generalization
of the IV estimates based on sex of the first born or early births.
2.2 Empirical Framework
We use female births as instruments to capture the causal effects of an additional child on parents’
labor supply. The structural equation for labor supply is given by
yi = α+X
′
iβ + τsi+ εi (2.1)
where yi is an indicator for each parent’s labor supply for family for family i, X is a vector of ex-
ogenous covariates, s is the number of living children in the family, and ε is the disturbance term.
Fertility decisions are endogenous and most likely to be correlated with unobservable family
characteristics. To tackle the potential endogeneity, our first identification strategy uses an indicator
for a first-born female as an instrument to predict the number of children in the family. In this
specification, the sample is restricted to families with at least one child. The first-stage equation is
therefore
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si = pi0+X
′
ipi1+pi2Z1i+ui (2.2)
where Z1i is an indicator for a first-born female. Thus, pi2 shows the effect a female birth at the first
birth parity on the number of children in the family.
After restricting the sample to parents with at least two children, we use the instrument in-
dicating whether both the first- and second-born children are female. The first-stage equation is
then:
si = γ0+X
′
iΓ+ γ1Z1i+ γ2Z2i+ γ3(Z1i×Z2i)+υi (2.3)
where Z1i is an indicator for a first-born female, Z2i is an indicator for a second-born female, and
γ3 captures the effect of a first- and second-born female on the number of siblings in the family.
As a robustness check, we estimate all the regressions without the covariates X as well.
Two-stage-least-squares (2SLS) estimates give the causal effect of fertility for compliers, i.e.
families who had more children due to a female birth in equation 2.2 or female births in equa-
tion 2.3. In order to be a valid instrument, giving birth to a female child should change the parents’
labor supply exclusively through higher fertility. While a female birth is plausibly exogenous, it
may affect the parents’ labor supply through their allocative preferences as well. Lundberg and
Rose (2002), for example, show that the increase in labor supply in the United States is greater
for fathers who had males and those who had females. In our context, this would bias the instru-
mental variables estimates towards zero. We examine the existence of shifts in family income and
consumption induced by the sibling sex composition net of family size in the last section. The
evidence suggests that neither parents labor supply nor parents income are responsive to the sex
composition of their children.
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2.3 Data
We use the 5 percent Public Use Microsample (PUMS) of the 2000 Census in Turkey, the only
Turkish Census that asked the number of boys and girls that women gave birth as well as their
survival status.
Figure 2.1 shows the reported sex ratios (i.e. number of boys per girl) by family size from the
full mother sample (i.e. for all family sizes and all mother’s ages). To explore differences in the
family behavior across cohorts, we also show the sex ratios for different age groups. The dashed
line indicates the overall sex ratio in each age group and in each is nearly constant. There are
substantial differences in sex ratios depending on the number of children in the family, however,
with the clear result that boys are in smaller families than girls. For example, among women aged
35-44 with one or two children, the male-to-female ratio is around 1.26, while larger families are
disproportionately composed of girls, with a sex ratio 0.97. The overall sex ratio is 1.068, however,
within the range of the long-term sex ratio trend in European countries without any male prefer-
ence (Coale, 1991).
These unequal sex ratios across families of different sizes are a result of the male-biased dif-
ferential fertility stopping behavior in Turkey (Altindag, 2016). Families are more likely to have
additional children after a female birth, although the overall sex ratio remains constant since male-
biased fertility stopping rules do not bias the overall sex ratio in the population (Basu and De Jong,
2010).
The 2000 Turkish Census contains information on the number of children of each sex, both for
those who are ever born and those who are still alive to a mother, but it does not contain infor-
mation about the birth order of those children. We therefore cannot construct a retrospective birth
history of mothers for children who are no longer living in the same household with them, limiting
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us to families with children who are still living with their parents. Following Angrist and Evans
(1998), we use the survey question on the relationship to the head to link siblings to parents within
each household and rank them by age to determine the siblings’ birth order.
In Figure 2.2, we show the share of households where the number of boys and girls (separately)
match the number of boys and girls reported as alive by the mother in the household for each age
cohort of mothers. The match rate for mothers over 35 decreases sharply, as by this age as children,
especially girls, are increasingly more likely to have left household.
For our analysis we retain those mothers aged 18-35, the ages where the match rate between
the mothers’ report of children alive and the children in the household is around 95 percent and
shows no sex difference. We drop any household with an unsuccessful match. Because a very
small fraction of mothers is single (around one percent in the 18-35 age range) and nearly 94
percent of the women employed in rural areas are unpaid family workers who almost exclusively
work in family owned small-scale farms located around their residence, we restrict our analysis to
married women and their husbands who live in urban areas, where combining market work and
childbearing potentially involves a much stronger trade-off.
The IPUMS does not include information on the marriage history of parents, but we assume
that all children who relate themselves to the household head as father or mother are from the cur-
rent marriage. Divorce and remarriage is not common in Turkey.5 Moreover, as noted earlier, we
drop households for whom the number of children in the household did not match with the number
of boys and girls (separately) that mother reported as alive. Lack of information on true biological
relationship between the parents and children is therefore likely to introduce little measurement
5According to Turkish Statistical Institute, only 5 percent of the women who got married in 2001 were previously
divorced. (http://www.tuik.gov.tr/, last accessed July 29, 2016).
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error. Our final sample includes 144,836 married couples with at least one child.
In Table 2.1, we explore differences in parental characteristics across the variables used as
instruments for fertility. The first two columns (Panel 1) compare the baseline characteristics of
families by sex of the first child. In Panels 2 and 3 we make similar comparisons by sex composi-
tion for the first two siblings among families with at least two children. We report the differences in
sample averages and the result of a t-test of the difference for each covariate as well as χ2 statistics
for the joint significance for the education categorical variables from logit models.6
In Panel 1, we find that families with first-born sons are similar to those with first-born daugh-
ters. Panel 2 shows that among families with at least two children, those with first- and second-born
sons are identical to their peers with first-born sons and second-born daughters. We reach a similar
conclusion in Panel 3: among families with first-born daughters, those who have second-born sons
are identical to those who have second-born daughters. Importantly, fathers’ and mothers’ educa-
tions are arbitrarily close independent of the sex composition of the first two siblings. Although
we have quite large samples, we are unable to detect a statistical difference between families with
different sex compositions of the first two children, supporting our assumption that our instruments
(sex of the first child or sex of the first two children) are as good as randomly assigned.
Table 2.1 also shows significant disparities in family size conditional on the sex composition of
children. Among families with at least one child, on average, families with first-born males have
0.11 less children compared to families with first-born females (Panel 1). Male-biased stopping
behavior is more striking among families with at least two children. Families tend to have almost
6In Panel 1, we regress the first-born female dummy on all the covariates in the table plus indicator variables for
the missing observations. We test if the categorical variables for each parent’s education are jointly equal to zero. In
panels 2 and 3, we use a dummy variable that equals one if both the first and second-born siblings are female, and
follow the same procedure.
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identical number of children if there is a male in the first two parities. Families with first- and
second-born boys have on average 2.56 children, a family size that is arbitrarily close to those who
have first-born girls and second-born boys, and vice versa (panels 2 and 3). The number of children
in families who had girls in the first two birth parities, however, is considerably larger. On average,
having first- and second-born girls increases the number of children by 0.23 children (Panel 3).
While the gender allocation of children in the first two birth parities appears to be a random event,
it causes meaningful variations in family size due to a preference for sons.
2.4 The Causal Impact of Fertility on Labor Supply in Turkey
We estimate Eq. 2.1 with OLS and 2SLS using each parent’s labor market outcomes, labor force
participation and employment, as the dependent variables.7 The control variables in X include
those shown in Table 2.1 (parents’ age and levels of education, the first child’s age in 2000) as
well as a set of regional dummy variables along with indicator variables for missing father’s age,
mother’s education or father’s education.
In Table 2.2 we report the results. Panel A shows the impact of an additional child on mothers’
labor force participation and employment while Panel B shows the impact for fathers. Our OLS
estimates suggest a negative association between family size and both parents’ labor supply for
all fertility levels. Labor force participation of mothers is on average decreases by 3.3 percentage
points for each additional child among families with at least one child (panel A, column 1). The
negative relationship between labor market attachment and childbearing becomes weaker among
high fertility families. In families with at least two children, an additional child is associated with a
7 The Turkish Statistical Institute (TurkStat) defines labor force participation as “being employed or not being
employed (neither worked for profit, payment in kind or family gain at any job even for one hour, who have no job
attachment) during the reference period, were seeking a job during the last three months and were available to start
work within two weeks”. For employment, we include those who “engaged in any activity during the reference period
for at least one hour as a regular employee, casual employee, employer, self-employed and the unpaid family workers
as employed.”
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1.8 percentage points decrease in female labor force participation (panel A, column 4). In contrast,
the 2SLS estimates shown in Table 2 imply that an additional child has no causal effect of mother’s
labor supply. Point estimates of mother’s labor force participation and employment are arbitrarily
close to zero when the instrument is the first-born female (panel A, columns 2 and 3). The 2SLS
estimates are negative when using the two-girl instrument but not statistically different from zero
at any conventional significance level (panel A, columns 5 and 6). Male labor supply, meanwhile,
shifts significantly in response to a change in family size among families with at least one child.
Fathers are 4 percentage points more likely to participate in the labor market as a result of an addi-
tional child, while the impact of an additional child on employment is similar, but not statistically
significant (Panel B, column 3). Additional children have no impact on father’s labor supply after
the first child. Among those with at least two children, the labor supply estimates indicate zero
effects on father’s labor supply (panel B, columns 5 and 6).
It is worth emphasizing that the first and the second stage estimates from the adjusted and un-
adjusted models are very similar for both instruments, reinforcing the notion that the instruments
are truly exogenous. The strong first-stage F statistics suggest that we do not have an issue with
weak instrument (Bound et al., 1995). We feel confident, therefore, in asserting that the results in
Table 2.2 imply that the causal relationship between female labor supply and fertility is extremely
weak at any fertility level, while increased fertility results in stronger labor market attachment for
fathers.
There are several potential explanations for the lack of a female labor supply response to an
increase in fertility. First, regardless of the fertility level, female labor force participation is weak
in urban areas in Turkey. Among women with at least one child, only 12 percent participate in the
urban labor market. Lack of mothers’ involvement in paid work in urban areas might reflect a full
specialization in domestic production. Uraz et al. (2010) show a substantial and persistent decline
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in female labor force participation after having the first child in urban Turkey. Recall that our sam-
ple includes families with at least one child, thus the additional child would not change mother’s
labor supply decision if the she has already fully devoted her time to childcare after the first birth.
In addition, a significant share of ever-married ever-employed women exits the labor market after
marriage at her husbands request. According to Turkish Household Labor Force Surveys (HLFS)
in 2004 to 2012, labor market exit due to marriage or spouses request is much more frequent for
younger women and it is as high as 27 percent for women aged 30-34, 37 percent for women aged
25-29, and 46 percent for women aged 20-24 (See Appendix Table 2.8). Marriage may be the
triggering event that causes women to reduce their labor supply, and explain the weak connection
between fertility and labor supply after marriage.
Second, the reported average treatment effects are for compliers. The impact of fertility in
families that prefer sons may be different that the relationship between fertility and labor supply in
the overall population. The external validity of our results (and, indeed, of all of the results in the
literature) might be limited if the results only apply to a very specific subpopulation. For example,
if the complier mothers’ human capital accumulation is lower than the overall population, this may
explain their weaker labor force attachment and imply a lower opportunity cost of childbearing,
potentially explaining the lack of an effect of fertility. Motivated by these considerations, in the
next section we investigate the characteristics of the complier population and assess the extent to
which the results are generalizable to the overall population.
2.5 Labor Supply of the Complier Population
We characterize the observable characteristics of the complier population through a counterfactual
analysis. If both the endogenous and the instrumental variables are binary, Imbens and Angrist
(1994) show that the Wald estimator captures the LATE:
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τ =
E[Y |Z = 1]−E[Y |Z = 0]
E[D|Z = 1]−E[D|Z = 0] = E[Y1−Y0|D1 > D0] (2.4)
where Dz is the potential treatment status for the valid instrument Z = z, with z and d ∈ {0,1} and
Yd is the potential outcome given the treatment status D = d.
We define two separate treatment dummies D for each fertility level: having more than one
child, i.e. D = I(s > 1), and two children i.e. D = I(s > 2). Notice that the only difference of
this procedure from the earlier 2SLS specifications is that we use an endogenous dummy variable
instead of a continuous measure for family size.
Next, we estimate the average treatment response of compliers in the treated state as described
in Abadie (2002) and Abadie (2003). Abadie (2002) shows that the labor supply of compliers in
the treated state is identified as follows:
τ = E[Y1|D1 > D0] = E[Y D|Z = 1]−E[Y D|Z = 0]E[D|Z = 1]−E[D|Z = 0] (2.5)
where E[Y1|D1 > D0] is the average labor supply of compliers had they received the treatment.
This decomposition allows us to compare the labor supply outcomes of the high fertility families
in the overall population to families who increased their family size due to having a preference for
sons in their fertility decisions. We can therefore assess whether the labor supply of son-preferring
mothers differs from the overall population. If compliers in the treatment state, i.e. E[Y1|D1 > D0],
are less likely to work compared to the overall treated population, i.e. E[Y1|D= 1], this tells us that
the compliers have an unusually weak labor attachment, and therefore the mothers baseline poten-
tial earnings and gender preference in fertility are jointly determined (Angrist and Fernandez-Val,
2010). The causal estimates therefore only apply to a very specific women population with ex-
ceptionally weak attachment to the urban labor force and might not be generalizable to the overall
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female population who live in the urban areas.
We compare the labor supply of compliers and the overall treated population by estimating the
following equation:
γ1 = E[Y1|D1 > D0]−E[Y1|D1 = 1] (2.6)
where γ1 is the difference between the labor supply of compliers and the population average in the
treated state. Here, we estimate E[Y1|D1 > D0] with 2SLS and E[Y1|D = 1] with OLS. We use the
same method as Angrist et al. (2013) for the estimation of the standard errors for the difference in
Eq. 2.6.
Table 2.3 documents the decomposition results. The first stage results imply that the compliers
are a small fraction of the population when the endogenous variable is having more than one child
and the instrument is a first-born female dummy. Parents who had a first-born female are only 2.8
percentage points more likely to have additional children compared to families who had a first-born
male (panel A, column 1).
This is a natural result of the fact that families in Turkey usually have at least two children inde-
pendent of the first childs sex. In our relatively young sample of mothers with incomplete fertility,
67.7 percent of couples proceed to the second birth parity independent of their gender preference
in fertility. As a result, compliers represent only a tiny proportion of the overall population when
the instrument is a first-born girl. The two-girl instrument does a much better job in identifying a
more generalizable population. Families who had a first- and second-born girl are 12.8 percentage
points more likely to have an additional child compared to the mixed-gender and all-boys families
(Panel B, column 1). Compliers therefore represent a significant share of the overall population
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with three or more children, suggesting considerable external validity for our results.
As expected, increased family size has no impact on female labor supply independent of the
endogenous dummy variable used in the regression although the estimated LATE coefficients are
less precise compared to the previous estimates that use a continuous measure of fertility. (panel
A, column 2).8 The estimated counterfactual means do not reveal substantial differences between
the complier mothers and the overall population. For example, only 11.8 percent of the compliers
would be in the labor force had they been parenting more than one child (Panel A, column 3).
The labor force participation rate among women with more than one child is 8.0 percent (Panel
A, column 4). The difference between compliers and the mothers with more than one child is 3.8
percentage points in favor of compliers while the difference is not statistically significant due to
large standard errors. The estimated labor supply means are very similar between two groups in
higher fertility levels (panel B). Note that the average complier means are much more precisely
estimated when the treatment is defined as having more than two more children. This is because
of the stronger first stage effects at higher fertility levels. Having girls in the first two birth parities
is a stronger predictor of having additional children in higher birth parities. Our results suggest
that compliers are not negatively selected with regard to labor supply and that estimated zero labor
supply of fertility cannot be attributed to a highly selected complier population.
We next construct descriptive statistics of the complier population to assess whether the com-
pliers differ from the overall population based on observable characteristics. Abadie (2003) shows
that the observed characteristics for compliers can be expressed as:
E[X |D1 > D0] = E[κ(X)X ]E[X ] (2.7)
8F-statistics from the first stages are 128.8 and 1194.7 in panels (A) and (B), respectively.
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where
κ(X) = 1− D(1−Z)
P[Z = 0|X ] −
(1−D)Z
P[Z = 1|X ] (2.8)
where D and Z are dummy variables as defined earlier, X is an observed covariate, and κ(X) is a
weighting function of the treatment indicator D and the instrument Z, conditional on the observed
covariate X.
When X is a continuous variable, we use power series of X to estimate κ(X) and use this pre-
dicted weighting function in equation in Eq. 2.8.9
When X is a dummy variable, Angrist and Pischke (2009)10 show that Eq. 2.7 is reduced to:
E[X |D1 > D0] = E[D|Z = 1,X = 1]−E[D|Z = 0,X = 1E[D|Z = 1]−E[D|Z = 0]E[X ] (2.9)
We use Eq. 2.9 to estimate the probability of primary school graduation for complier parents.
The statistical inference for the mean estimators in Eqs. 2.7-2.9 is constructed by using a non-
parametric bootstrap procedure.11 As before, we define two treatment dummies: having more than
one child and having more than two children. As a comparison, we also report the overall popula-
tion statistics of families with at least one child and two children.
Table 2.4 compares the complier covariate means to the overall population with different family
sizes. The average age for complier parents are very similar to the overall population for both in-
9In particular, we use a logit regression to predict P(Z|X) = σ1 +σ2Xi +σ3X2i +σ3ρ3i +σ4X4i +υi. See Abadie
et al. (2013) for the details of this semi-parametric estimation procedure.
10Chapter IV, page 171.
11In Eq. 2.7, the bootstrap procedure repeats Abadie (2003)’s first-step estimation of κ(X) and the second-step
estimation of the covariate mean by κ-weighting. In all estimations, the bootstrap procedure uses 1,000 bootstrap
samples with replacement and the standard errors were calculated as the standard deviation of these mean estimates.
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struments. For the first-born female instrument, however, the first child of the compliers is younger
than the overall population with at least two children. This indicates a shorter inter-pregnancy in-
terval for parents who had another child after a female birth. We observe a positive selection into
being a complier, indicated by a positive education gap between complier parents and the high
fertility families. The difference is more pronounced among those with at least two children. For
example, the complier primary completion rate for complier fathers is 13 percentage points higher
compared to the overall population (columns 1 and 2). The gap narrows to 6 percentage points
among families with at least three children (columns 3-4). The differences are similar among
mothers, although smaller. As underlined by Schultz (2005), if female education proxies the op-
portunity cost of children, the zero LATE estimates on female labor supply cannot be explained
by the lack of external validity. If anything, the zero LATE estimates are based on a population
that is more educated than their similar fertility level peers in the population. We conclude from
the estimated complier means in Table 2.4 that the lack of causal relationship between fertility and
female labor supply cannot be explained by a negative selection of the complier population.
2.6 Intensive Margin and Earnings
Although the Census contains information only on employment status and labor force participa-
tion, the HLFS allows us to extend the analysis to other relevant labor market outcomes such as
full-time employment, number of hours worked, and hourly earnings. For this purpose we pool
nine yearly waves of the HLFS from 2004 to 2012 to examine married women aged between 18 to
35 and their husbands.12 As above, we limit our analysis to families living in urban areas.13 The
12We link children to parents within each household by using the information on household members relationship
to the head. In contrast to Census data, the HLFS does not contain information about the number of children women
have given birth to. It is therefore not possible to drop households for whom the reported number of living children
does not match with the number of children who actually live in the household. We have shown, however, that in
Census the match rate for women aged 18-35 is around 95 percent and shows no gender difference. We feel confident
that the lack of information on children ever born is likely to introduce little measurement error.
13The Law of Establishment of Greater Municipality in Thirteen Provinces and Twenty-Six District Municipality
passed in December 2012 introduced a new administrative division. According to this law the villages united with
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final sample includes 214,452 married couples with at least one child.
As we did with the Census data in Table 2.1, we show the baseline characteristics from the
2004-2012 HLFS in Table 2.5. The baseline characteristics of families with first-born males and
first-born females from the HLFS are very similar to each other as well as the families from Cen-
sus. Because of the huge sample size, however, most of the t-test results of differences in means are
highly significant. On average, families with first-born males have 0.104 less children compared
to families with first-born females (vs. 0.108 in Census) and having first- and second-born girls
increases the number of children by 0.168 children (vs. 0.228 in Census).
Analogous to our analysis with Census data we estimate Eq. 2.1 with OLS and 2SLS for labor
force participation, employment, full time employment, log of number of hours worked and log
hourly earnings, and present the results in Table 2.6. As before, the first and second results are
reported with and without covariate adjustment. As with the Census, the OLS estimates highlight
a negative association between family size and all labor market outcomes for all fertility levels.
The association between family size and labor market outcomes becomes weaker for mothers and
stronger for fathers at higher levels of fertility. The estimated impacts of fertility on labor force
participation and employment magnitudes of estimates are comparable to those estimated from
2000 Census.
Contrary to OLS estimates, results from 2SLS estimations indicate that an additional child does
greater municipalities in the provinces, which led to the significant differences in the distribution of urban and rural
areas. Turkstat reports that while former administrative division had more than 36 thousand settlements in rural areas
this figure has dropped to less than 20 thousand under the new administrative division. Similarly, following this change
in the definition of administrative division the urban population rate increased from 72.3% to 86.5%. Turkstat also
notes that the policy change has eliminated the comparability with the urban and rural breakdowns across Household
Labor Force Surveys (HLFS). Therefore, given that this study focuses on women and men residing in urban areas the
analysis sample is restricted to HLFS 2004-2012 because urban and rural definitions are consistent and comparable
in these waves of HLFS. Detailed explanations are provided in the following source: http://www.tuik.gov.tr/
MicroVeri/Hia_2014/english/downloads/explanations.pdf, last accessed July 29, 2016.
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not have any impact on paternal labor market indicators at any levels of fertility. Although we have
a relatively large sample size OLS and 2SLS estimates are not statistically different from zero at
any conventional significance level. The results in Table 2.6 imply that the causal relationship be-
tween family size and full time employment and number of hours worked at any fertility level is
weak which indicates that an additional child does not have an impact at the intensive margin as
well. At the low fertility level, however, female wages are decreased with a change in family size.
Although statistically only marginally significant, an additional child leads to a 4 percentage point
reduction in log hourly wages of mothers (panel A, column 2).
2.7 Robustness Check on the Validity of Instruments
The exclusion restriction assumption would not be valid if the sibling sex composition affects the
labor supply of parents through favoring sons over daughters. As shown earlier, the labor supply
of parents does not change in response to the sibling sex composition of the first two children. As
a robustness check, we also investigate if the family income and consumption patterns change as a
result of the children’s sex composition net of family size. We use the pooled data of yearly Turk-
ish Household Budget Surveys (HBS) from 2003 to 2013. Data include detailed information on
the yearly family income and allocation of consumption into different types of goods and services.
For consumption, we use the 12 main expenditure groups defined by TurkStat. We adjust both
consumption and income for yearly inflation and reported the calculated values in real Turkish
Liras as of 2013. The data restriction is identical to both Census and HLFS.
To hold the family size effect constant, we compare the income and consumption allocation
of families with three different gender compositions: those who have a first- and a second-born
son, those who have a first-born son and a second-born daughter, and those who have a first-born
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daughter and a second-born son. As shown in Table 2.7, the average number of children that these
families have are identical, a result that is remarkably similar to earlier findings from Census and
HLFS. If families favor sons in intra-household resource allocation, however, one would expect the
expenditure allocations to be different across families even though the family sizes are identical.
Table 2.7, however, shows that both income and consumption levels are strikingly similar in-
dependent of the first two children’s sex composition. The subsets of both family income and
consumption do not reveal any systematic differencs conditional on the sibling sex composition.
Similarly, Table 2.7 suggests that parents do not allocate consumption in favor of sons. For ex-
ample, expenditures on education, health, and food consumptions are not systematically higher in
families with a high male-to-female ratio. Families spend equal amounts of money on adult goods
such as entertainment, hotels, cafes, and restaurants independent of the number of boys that they
have. Overall, the results in Table 2.7 reinforce the internal validity of the findings.
2.8 Discussion and Conclusion
During the last 20 years, Turkey has exhibited rapidly declining total fertility, which dropped by
nearly 50 percent from 3.1 to 2.1, and stagnant female labor supply, which has remained around 30
percent (compared to 70 percent for men). In 2013, approximately 70 percent of women who were
not active in the labor market reported that they did not seek employment because they needed
to perform household chores or other family-related activities. Of those women who worked, 52
percent were employed in the informal sector, compared to 30 percent of men. The substantial
reductions in fertility in Turkey have not translated into increased female employment, nor has
economic improvement resulted in increased gender equality Turkey was 130th out of 145 coun-
tries in the most recent World Economic Forum ranking.14
14See http://reports.weforum.org/global-gender-gap-report-2015/rankings/, last seen July 29,
2016.
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Our results indicate that the causal impact of increased fertility on female labor force participa-
tion, employment, hours, and wages are negligible in Turkey. For mothers, we do not find that the
finding of no affect is driven by substantial selection on observables for the complier population.
Fathers do appear, however, to be affected by a female birth in the first parity, increasing labor
force participation. Turkey’s declining fertility has not led to a greater involvement of women in
market work, and our results suggest that this is not the margin that might drive future changes
in women’s labor force participation. Changes in other preferences, like working while married,
are likely to be necessary before fertility might be expected to have an impact on labor market
engagement for women.
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Figure 2.1: Family Sex Ratios by Age Group
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Figure 2.2: Match Rate for Boys and Girls by Mother’s Age
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Table 2.1: Baseline Characteristics of Families, by First and Second Child’s Sex, Census
First child’s sex Sex composition of the first two children
(1) (2) (3)
Boy Girl Diff. Boy Boy Diff. Girl Girl Diff.
Boy Girl Boy Girl
Age
Mother 28.69 28.69 -0.002 29.88 29.86 0.015 29.78 29.78 0.001
Father 33.14 33.19 -0.046 34.43 34.41 0.014 34.39 34.37 0.016
First child 7.30 7.27 0.034 9.26 9.25 0.013 9.09 9.09 -0.008
Mother
Illiterate 0.076 0.073 0.003+ 0.104 0.101 0.003 0.098 0.092 0.006+
Primary < 0.031 0.030 0.001 0.040 0.038 0.002 0.038 0.037 0.002
Primary 0.585 0.589 -0.004 0.629 0.632 -0.003 0.636 0.638 -0.002
Secondary 0.093 0.094 -0.001 0.085 0.086 -0.001 0.088 0.089 -0.002
High school 0.160 0.159 0.001 0.114 0.115 -0.001 0.113 0.116 -0.003
High school > 0.055 0.055 <0.001 0.028 0.028 0.001 0.027 0.028 -0.001
p-value 0.50 0.76 0.40
Father
Illiterate 0.015 0.015 0.001 0.021 0.020 <0.001 0.019 0.019 <0.001
Primary < 0.016 0.015 <0.001 0.018 0.018 <0.001 0.018 0.018 0.001
Primary 0.459 0.458 0.001 0.500 0.498 0.002 0.496 0.491 0.006
Secondary 0.157 0.159 -0.002 0.158 0.159 -0.001 0.160 0.163 -0.003
High school 0.242 0.242 <0.001 0.218 0.216 0.002 0.220 0.223 -0.003
High school > 0.111 0.111 <0.001 0.086 0.088 -0.002 0.087 0.088 -0.001
p-value 0.61 0.93 0.94
# children 2.03 2.14 -0.108*** 2.56 2.55 0.014 2.54 2.76 -0.228***
N 74,885 69,951 25,584 24,079 24,911 23,430
Note: Authors’ calculations from the 2000 Census. This table compares the families by sibling sex
compositions of the first two children. Results in panel (1) are from the sample of families with at least
one child. The results in panels (2) and (3) are from the sample of families with at least children. The
reported differences are from a two-sample t-test of difference in means assuming unequal variances. At
the bottom of each parent’s education, the p-value from the joint χ2-test is shown. The joint χ2-test is
based on a logit regression of the last child’s sex (equals 0 if a boy and 1 if a girl) on all variables in the
table plus an indicator variable for missing husband’s age. The null hypothesis is that for each parent, all
education coefficients are jointly equal to zero. Significance levels are indicated by + < .05, ** < .01,
*** < .001.
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Table 2.2: Estimation Results on Parents’ Labor Supply, Census
Instrumental First-born First- and second-born
Variable female females
OLS 2SLS 2SLS OLS 2SLS 2SLS
(1) (2) (3) (4) (5) (6)
M
ot
he
r(
A
) Labor force -0.033*** 0.006 0.008 -0.018*** -0.020 -0.015
(0.0009) (0.0125) (0.0161) (0.0009) (0.0133) (0.0145)
Employment -0.027*** 0.002 0.003 -0.015*** -0.017 -0.011
(0.0007) (0.0111) (0.0145) (0.0007) (0.0115) (0.0127)
Fa
th
er
(B
) Labor force -0.010*** 0.032+ 0.040** -0.014*** -0.002 -0.003
(0.0012) (0.0127) (0.0147) (0.0015) (0.0164) (0.0165)
Employment -0.018*** 0.023 0.034 -0.025*** 0.006 0.021
(0.0014) (0.0154) (0.0178) (0.0017) (0.0200) (0.0226)
First stage - 0.108*** 0.118*** - 0.239*** 0.235***
(0.0057) (0.0041) (0.0123) (0.0099)
F-statistic - 854.20 351.84 - 560.62 376.70
Covariates Yes Yes No Yes Yes No
N 144,836 98,004
Note: Authors’ calculations from the 2000 Census. This table reports the OLS and 2SLS
estimates of the effects of sibship size on parents’ labor supply. The endogenous variable is the
number of children in the household. The instrument in columns (2)-(3) is a first-born female
dummy. The instrument in columns (5)-(6) is a dummy variable and equals one if both the first-
and second-born siblings are female. First stage results from the 2SLS estimates are shown at
the bottom of these columns along with the first stage F−statistic of excluded instrument.
Regressions with covariates control for mother’s age, father’s age, first child’s age, mother’s
and father’s education, region, and region plus an indicator variables for missing father’s age,
mother’s education and father’s education. Heteroskedasticity-consistent standard errors are in
parentheses. Number of observations is for the regressions reported in the panels (A) and (B).
Significance levels are indicated by +< .05, ** < .01, *** < .001.
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Table 2.3: Mother’s Average Treatment Responses for Compliers
First stage τLAT E E[Y1|D1 > D0] E[Y1|D = 1] γ1
Endogenous Variable (D) (1) (2) (3) (4) (5)
A. Number of Children > 1
Labor force 0.028*** 0.030 0.118 0.080 0.038
(0.002) (0.062) (0.042) (0.001) (0.042)
Employment 0.028*** 0.012 0.096 0.061 0.035
(0.002) (0.056) (0.037) (0.001) (0.037)
Number of observations 144,836
Number of compliers ≈ 4,055
B. Number of Children > 2
Labor force 0.128*** 0.004 0.058 0.044 0.013
(0.004) (0.016) (0.008) (0.001) (0.008)
Employment 0.128*** 0.007 0.042 0.029 0.013
(0.004) (0.014) (0.007) (0.001) (0.007)
Number of observations 98,004
Number of compliers ≈ 12,545
Note: Authors’ calculations from the 2000 Census. This table compares the labor supply of
compliers (D1 > D0) in the treatment state to the labor supply of mothers for whom the treat-
ment chioce is endogenous (D= 1). The endogenous variable (D) is a dummy for having more
than one child in panel (A), and having more than two children in panel (B). The instrument is
a first-born female dummy in panel (A). The instrument is a dummy variable that equals one
if both the first- and second-born siblings are female in panel (B). Column (1) shows the first-
stage results. Column (2) presents the local average treatment effect (LATE) for compliers, and
estimated with 2SLS. Column (3) shows the potential outcome for the compliers in the treated
state, and estimated with 2SLS. Column (4) shows the mean outcome for the population for
whom the treatment choice is endogenous, and estimated with OLS. Column (5) shows the
difference between Columns (3) and (4), and estimated with 2SLS. Methodology for the po-
tential outcome estimates are based on Abadie (2002) and Abadie (2003). Heteroskedasticity-
consistent standard errors are in parentheses. Significance levels are indicated by + < .05, **
< .01, *** < .001.
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Table 2.4: Population vs. Complier Characteristics
Instrument First-born female First and second-born females
E[X |D1 > D0] E[X |D = 1] E[X |D1 > D0] E[X |D = 1]
(1) (2) (3) (4)
Age
Mother 27.96 29.83 30.78 30.77
(0.34) (0.01) (0.10) (0.02)
Father 32.62 34.40 35.52 35.36
(0.48) (0.02) (0.15) (0.03)
First child 6.32 9.18 10.58 10.97
(0.21) (0.01) (0.09) (0.02)
Education
Mother > Primary school 0.28 0.23 0.17 0.12
(0.042) (0.001) (0.011) (0.002)
Father > Primary school 0.60 0.47 0.44 0.38
(0.045) (0.002) (0.015) (0.003)
Number of observations ≈ 4,055 98,004 ≈ 12,545 37,561
Note: Authors’ calculations from the 2000 Census. This table compares the individual char-
acteristics of compliers (D1 > D0) in the treatment state to the individuals for whom the treat-
ment chioce is endogenous (D = 1). In columns (1) and (2), the endogenous variable (D) is
a dummy for having more than one child. In columns (3) and (4), the endogenous variable is
having more than two children. In columns (1) and (2), the instrument is a first-born female
dummy. In columns (3) and (4), the instrument is a dummy variable that equals one if both the
first- and second-born siblings are female. The sample averages for the complier population
are estimated as shown in Abadie (2003). Standard errors are in parentheses and based on 1000
bootstrap samples in columns (1) and (3).
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Table 2.5: Baseline Characteristics of Families, by First and Second Child’s Sex, HLFS
First child’s sex Sex composition of the first two children
(1) (2) (3)
Boy Girl Diff. Boy Boy Diff. Girl Girl Diff.
Boy Girl Boy Girl
Age
Mother 29.31 29.37 0.061*** 30.33 30.38 -0.052 30.42 30.31 0.106***
Father 33.94 34.04 -0.096*** 35.20 35.19 0.007 35.29 35.24 0.047
First child 7.32 7.37 -0.047+ 9.34 9.39 -0.051 9.38 9.32 0.061+
Mother’s
Education
Secondary > 0.39 0.39 -0.001 0.28 0.28 0.002 0.29 0.29 -0.002
Father’s
Education
Secondary > 0.56 0.56 0.000 0.50 0.50 0.002 0.50 0.49 0.002
p-value 0.90 0.78 0.56
# children 1.95 2.06 -0.104*** 2.48 2.50 -0.021*** 2.51 2.68 -0.168***
N 214,452 71,115 68,670
Note: Authors’ calculations from 2004-2012 HLFS. This table compares the families by sibling sex
compositions of the first two birth parities. The reported differences are from a two-sample t-test of dif-
ference in means assuming unequal variances. The p-value from the joint χ2-test is shown for maternal
and paternal education. The joint χ2-test is based on a logit regression of the child’s sex at each birth
parity (equals 0 if a boy and 1 if a girl) on all variables in the table, region and survey year dummies plus
an indicator variable for missing husband’s age. The null hypothesis is that all education coefficients are
jointly equal to zero. Significance levels are indicated by + < .05, ** < .01, *** < .001.
CHAPTER 2. SON PREFERENCE, FAMILY SIZE, AND LABOR SUPPLY 70
Table 2.6: Estimation Results on Parents’ Labor Supply, HLFS
Instrument First-born female First- and second-born females
OLS 2SLS 2SLS OLS 2SLS 2SLS
Dependent Variable (1) (2) (3) (4) (5) (6)
M
ot
he
r(
A
)
Labor force -0.055*** -0.019 -0.003 -0.035*** -0.031 -0.044
(0.001) (0.015) (0.016) (0.001) (0.022) (0.026)
Employment -0.046*** -0.021 -0.007 -0.028*** -0.035 -0.045
(0.001) (0.014) (0.015) (0.001) (0.021) (0.024)
Full-time emp. -0.042*** -0.016 -0.005 -0.025*** -0.015 -0.021
(0.001) (0.013) (0.014) (0.001) (0.018) (0.021)
ln(Weekly hours) -0.173*** -0.073 -0.025 -0.105*** -0.117 -0.155
(0.003) (0.053) (0.056) (0.004) (0.076) (0.087)
ln(Hourly wage) -0.039*** -0.039+ -0.015 -0.020*** 0.012 0.024
(0.001) (0.018) (0.022) (0.001) (0.022) (0.030)
Fa
th
er
(B
)
Labor force -0.002*** 0.010 0.007 -0.005*** 0.005 0.003
(0.001) (0.007) (0.007) (0.001) (0.012) (0.013)
Employment -0.005*** 0.018 0.014 -0.009*** 0.011 0.011
(0.001) (0.012) (0.012) (0.001) (0.020) (0.023)
Full-time emp. -0.007*** 0.017 0.012 -0.012*** 0.016 0.017
(0.001) (0.013) (0.013) (0.001) (0.022) (0.024)
ln(Weekly hours) -0.015*** 0.075 0.057 -0.034*** 0.093 0.098
(0.004) (0.051) (0.050) (0.006) (0.084) (0.093)
ln(Hourly wage) -0.037*** 0.045 0.036 -0.045*** -0.021 -0.043
(0.002) (0.029) (0.034) (0.002) (0.045) (0.057)
First stage 0.099*** 0.104*** 0.157*** 0.147***
(0.003) (0.004) (0.008) (0.010)
Covariates Yes Yes No Yes Yes No
N 214,452 139,825
Note: Authors’ calculations using the 2004-2012 HLFS. This table reports the OLS and 2SLS estimates
of the effects of sibship size on parents’ labor supply. The endogenous variable is the number of children
in the household. The instrument in columns (2)-(3) is a first-born female dummy. The instrument in
columns (5)-(6) is a dummy variable and equals one if both the first- and second-born siblings are female.
First stage results from the 2SLS estimates are shown at the bottom of these columns. Regressions with
covariates control for mother’s age, father’s age, first child’s age, mother’s and father’s education, region
plus survey dummies. Heteroskedasticity-consistent standard errors are in parentheses. Number of
observations is for the regressions reported in the panels (A) and (B). Significance levels are indicated
by +< .05, ** < .01, *** < .001.
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Table 2.7: Income and Consumption of Families, by First and Second Childs Sex, HBS
First and Second Child
Boy-Boy Boy-Girl Girl-Boy ANOVA p-value
(1) (2) (3) (4)
Income
Family 963.0 955.5 928.6 0.635
Mother 60.6 56.5 60.7 0.356
Father 749.7 749.9 717.0 0.297
Consumption
Total 938.9 904.8 878.5 0.032
Food 205.9 203.0 199.0 0.063
Alcoholic Bbverages
and tobacco 28.6 30.5 28.4 0.183
Clothing and footwear 68.8 66.9 63.3 0.201
Housing, water,electricity,
gas and other fuels 208.7 209.6 204.7 0.364
Furnishings, household
equipment, and maintenance 67.5 63.5 64.9 0.419
Health 21.0 17.9 20.0 0.016
Transportation 157.6 145.4 136.9 0.518
Communication 55.9 51.3 52.1 0.464
Entertainment and culture 33.9 32.1 29.2 0.454
Education services 17.9 13.7 12.7 0.457
Hotels, cafes,
and restaurants 38.2 37.6 36.2 0.144
Other goods and services 34.9 33.2 31.2 0.603
# children 2.44 2.48 2.48 0.094
N 3541 3350 3244 10135
Note: This table compares the urban families by the sibling sex composition of the first two children.
Calculations are based on a pooled data of yearly Turkish Household Budget Surveys from 2003 to 2013.
The mean values for the income and consumption are adjusted for yearly inflation and reported in real
Turkish Liras 2013. The null hypothesis for the reported one-way ANOVA F-test is that the logarithm
of the reported means are jointly equal to zero.
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Table 2.8: (Appendix)
Reasons for leaving the workplace, firm or organization
Mother’s Age
Main reason for quitting a job 15-19 20-24 25-29 30-34 35-39 40-44 45-49
Husband’s request/Due to marriage 47.48 45.7 37.31 27.28 20.2 15.86 12.28
Job was temporary, came to an end 12.19 10.64 11.44 14.84 18.39 18.17 14.74
Looking after children 3.02 6.75 12.07 14.05 10.82 7.27 4.44
Was working seasonally 14.78 10 9.57 12.72 16.82 17.71 16.45
Not satisfied with job 10.67 12.08 11.37 9.99 9.37 7.85 5.58
Dismissed/Liquidated/Bankrupted 3.62 5.54 7.15 8.99 10.92 10.56 8.58
Other 4.48 5.71 6.73 6.97 5.31 4.69 4.19
Own illness or disability 2.72 3.03 3.94 4.86 7.65 10.69 13.44
Education or training 1.04 0.52 0.42 0.21 0.1 0.06 0.05
Retirement 0 0.02 0.03 0.08 0.41 7.12 20.26
N 3375 20964 34201 32773 28185 27694 28815
Note: This table shows the distribution of reasons for labor market exit by age group. Authors’
calculations from the HLFS 2004-2012. Sample is limited to ever-married and who ever-
worked women.
Chapter 3
Effects of Peer Counseling to Support
Breastfeeding: Assessing the External
Validity of a Randomized Field Experiment
ONUR ALTINDAG˘∗, THEODORE JOYCE,† JULIE REEDER‡
3.1 Introduction
The enormous growth in randomized field experiments (RFEs) in the social sciences over the past
10 years has reignited a vigorous debate as to their utility to inform policy.1 A primary criticism is
that the generalizability of even well-designed RFEs with strong internal validity is limited by the
narrowness of the questions and the specific circumstances of the studies. This concern is long-
standing, but the renewed debate has pushed researchers involved in RFEs to discuss in more detail
∗CUNY Graduate Center, Ph.D. Program in Economics, 365 Fifth Avenue New York, NY 10016.
†Baruch College CUNY and National Bureau of Economic Research. 5 Hanover Square, 16th Floor Suite 1602
New York, NY 10004-2630.
‡Oregon WIC Program, 800 NE Oregon Street Suite 865 Portland, OR 97232-2187.
1See for example Campbell et al. (1963); Rodrik (2008); Banerjee and Duflo (2008); Angrist and Pischke (2009);
Deaton (2010); Imbens (2010); Ravallion (2012).
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the generalizability of their results.2
In this study, we explore the external validity of the results from a large RFE of peer counseling
to promote breastfeeding among women in Oregon enrolled in the Supplemental Nutrition Program
for Women, Infants and Children (WIC). Specifically, we ask whether the results of a peer coun-
seling RFE conducted at 4 WIC agencies would obtain in the other 30 agencies within the state.
The question has meaningful policy implications as the U.S. Surgeon General has proposed mak-
ing peer counseling to support breastfeeding a core WIC service. The motivation for expanding
peer counseling emanates from a long-standing tension within WIC, which promotes breastfeed-
ing while making available free infant formula. WIC, for example, purchases over 57 percent of
all infant formula sold in the US (Oliveira et al., 2010). Not surprisingly, breastfeeding initiation
and duration is substantially lower among WIC participants than their eligible non-participants
(Jacknowitz et al., 2007). Closing this gap is core to WIC’s mission given numerous reports that
exclusive breastfeeding improves infant and maternal health.3
To promote breastfeeding among WIC participants, the United States Department of Agri-
cultures Food and Nutrition Service (FNS) initiated the promotion of peer counseling in 2004
(McLaughlin et al., 2004). The essential idea is that peers, in this case women who have been
on WIC and have successfully breastfed, provide support and guidance for women who intend to
or are trying to breastfeed. However, evidence on the effectiveness of peer counseling is mixed.
Numerous observational studies have reported increases in breastfeeding initiation and duration as-
2As Campbell et al. (1963) wrote over 60 years ago, “While internal validity is the sine qua non, and while the
question of external validity, like the question of inductive inference, is never completely answerable, the selection of
designs strong in both types of validity is obviously ideal.”(page 5). See also Kramer and Shapiro (1984) and Rothwell
(2005) for discussion in the medical literature and Heckman and Smith (1995) and Teele (2014) for discussions in the
social sciences.
3See for example Kramer et al. (2001); Kramer and Kakuma (2004); Bachrach et al. (2003); Ip et al. (2009);
Eidelman et al. (2012).
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sociated with peer counseling programs for WIC clients.4 However, a systematic literature review
of peer counseling initiatives has characterized many of these observational studies as of moderate
to poor quality (Ingram et al., 2010). The most convincing evidence as to the effectiveness of peer
counseling among low-income women has come from three well-executed randomized control tri-
als (RCTs) in the United States (Chapman et al., 2004; Anderson et al., 2005; Bonuck et al., 2005).
Yet the intensity of the intervention in each of the three RCTs far exceeds what is currently offered
in most local WIC agencies, which raises doubts as to the scalability of such support (Reeder et al.,
2014).
To test whether peer counseling could prove effective if delivered in a less resource intensive
manner, researchers from the Oregon WIC program undertook the largest randomized field exper-
iment (RFE) to date in the US. The objective was to assess whether a telephone peer counseling
program among WIC clients could increase the initiation and duration of exclusive breastfeeding
(Reeder et al., 2014). One thousand, nine hundred and forty-eight WIC clients in four WIC agen-
cies were randomly assigned among three study arms and stratified by whether they spoke English
or Spanish. Researchers found that non-exclusive breastfeeding for at least 3 months increased
by 8 percentage points among English-speaking women and 17 percentage points among Spanish-
speaking participants while exclusive breastfeeding of the same duration increased by 8 percentage
points, but only among the Spanish-speakers.
In this study, we extend Oregons RFE of peer counseling in several ways. First, Reeder et al.
(2014) estimated the effect of being assigned to the treatment group or the intention-to-treat (ITT).
However, 6 percent of women in the treatment group never respond to any calls by the peer coun-
selors and 29 percent of English-speaking clients never interacted with a peer counselor in the
4See for example Grummer-Strawn and Mei (2004); Gross et al. (2009); Yun et al. (2010); Schafer et al. (1998);
Shaw and Kaczorowski (1999); Bolton et al. (2009); Gill et al. (2007); Olson et al. (2010).
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postpartum period. Thus, we use the randomization indicator as an instrument to estimate the ef-
fect of treatment on the treated (TOT). The TOT results provide the most comparable estimates to
those from non-experimental settings that compare women who received peer counseling relative
to those who declined. A second extension of the analysis by Reeder et al. (2014) is a test for
heterogeneous treatment effects based on a recent approach to endogeneous stratification (Abadie
et al., 2013).
As a third extension, we explore the external validity of the results from Oregons peer coun-
seling RFE aided by a unique set of circumstances. Specifically, we have breastfeeding data on
those who chose not to participate in the RFE as well as data on WIC clients in counties without
peer counseling. Moreover, the same peer counseling program implemented in the experimental
agencies was also offered in two other agencies over the same time period as the RFE but without
randomization. Finally, three of the four experimental agencies continued to offer peer counseling
to WIC clients without randomization for three years after the RFE was over. Thus, we estimate
the effect of peer counseling on breastfeeding with observational data in the same and similar sites
as the RFE and compare it to the instrumented estimates of the treatment on the treated (TOT) from
the experimental sample. Importantly, data for the RFE were collected by the state-wide adminis-
trative system in same manner as data from the non-experimental settings, an important feature of
a within-study design (Heckman and Smith, 1995).
To preview key findings, we uncover numerous sources of selection and possible Hawthorne
effects that limit generalizability of the RFE. For example, English-speaking participants random-
ized into the control group had significantly higher rates of exclusive breastfeeding than women
from the same counties who chose not to participate—evidence of positive selection into the study.
Moreover, both English- and Spanish-speaking women in the control group had higher rates of
exclusive breastfeeding than women in the rest of the state who had no access to peer counsel-
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ing. Second, we show that non-experimental estimates of treatment effects are statistically zero
or substantially weaker than treatment effects obtained from the RFE. The diminished effect ap-
pears unrelated to self-selection into peer counseling, which suggests that the supervision of peer
counselors and the attention paid to WIC participants in an experimental setting may be difficult to
sustain in the routine provision of peer counseling services. We conclude that a relatively low-cost
telephone peer counseling program broadly applied would have a limited impact at best if offered
as a standard service of WIC.
3.2 Background
3.2.1 Peer Counseling
In the typical model a peer counselor meets with the expectant mother during pregnancy, and then
up to six months or a year after birth. The goal is to promote exclusive breastfeeding for at least
six months, which the literature suggests is necessary to reap the full benefits of breastfeeding
(American Academy of Pediatrics, 2012). Several observational studies evaluated the effect of
peer counseling among WIC clients in agencies with and without a peer counseling program. Each
reported gains in breastfeeding initiation in local WIC agencies with peer counseling but sam-
ple sizes were small and research designs weak (Grummer-Strawn and Mei, 2004; Schafer et al.,
1998; Shaw and Kaczorowski, 1999; Gill et al., 2007; Bolton et al., 2009). Larger studies of WIC
clients—18,789 in Maryland and 29,881 from Missouri—were able to adjust estimated program
effects with a sizeable number of covariates (Gross et al., 2009; Yun et al., 2010). However, in
both studies there were important differences by race and ethnicity between those exposed and
unexposed to peer counseling, and estimates of program effects were sensitive to adjustment. In
the strongest observational study, researchers used as the comparison group WIC clients who re-
quested peer counseling but were denied because of a lack of counselors (Olson et al., 2010). Peer
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counseling was associated with a 7.4 percentage point increase in non-exclusive breastfeeding for
at least 6 months relative to the mean of 10.4 percent among those in the comparison group.
Three high-quality RCTs of peer counseling among low-income women in the U.S. reported
significant gains in breastfeeding initiation and duration (Chapman et al., 2004; Anderson et al.,
2005; Bonuck et al., 2005). Each involved prenatal and postpartum home and hospital visitation as
well as telephone follow-up as needed. In one study, professional lactation consultants were used
instead of peer counselors (Bonuck et al., 2005). They reported significant differences in non-
exclusive breastfeeding up to six months postpartum, but no difference in exclusive breastfeeding
of any duration. In another RCT, new mothers received at least one daily visit by a peer coun-
selor while in the hospital and at least three home visits postpartum (Chapman et al., 2004). They
found no differences in exclusive breastfeeding at any point postpartum but women in the treat-
ment group were less likely not to breastfeed at one and three months relative to the controls. In a
follow-up study to test whether more intensive counseling might improve exclusive breastfeeding,
women in the treatment groups were offered three prenatal and nine postpartum visits in addition
to daily hospital visits by a peer counselor (Anderson et al., 2005). After three months, the risk of
non-exclusive breastfeeding was higher among the controls than among those in the intervention
group (RR=1.30, p > .05).5
Common characteristics of the three RCTs are sample size, between 50-200 women in each
5There have been numerous high-quality RCTs of peer counseling (PC) for breastfeeding conducted outside the
US. Researchers in England used telephone or hospital visitation to reach clients but reported no impact of PC on
initiation or duration of breastfeeding (Graffy et al., 2004). A peer counseling intervention similar to the RCT in our
study was conducted in Canada in the late 1990s (MacArthur et al., 2009). New and expectant mothers were contacted
by telephone within 48 hours of delivery and for as many times in the next three months as seemed necessary. The
authors reported impressive gains in exclusive breastfeeding at 12 weeks: 56% of women in the treatment group
exclusively breastfed as compared to 40.3% among controls. However the women in the study included upper and
middle-income women with substantial education. The generalizability to a low-income population is not clear. More
generally, a recent review of prenatal peer support for breastfeeding concluded that universal PC support was not
effective, but that PC targeted at women who are considering breastfeeding did increase breastfeeding initiation rates
(Ingram et al., 2010).
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experimental arm of the study, and their large Hispanic populations. Although most appeared
powered to detect differences in breastfeeding initiation and duration, only one had sufficient power
to detect less than large differences in exclusive breastfeeding (Anderson et al., 2005). A second
characteristic of almost all RCTs is the provision of in-home and in-hospital visits in both the
prenatal and postpartum periods. For example, Anderson et al. (2005) reports increases in exclusive
breastfeeding as a result of three prenatal and daily hospital visits, followed by nine post-partum
visits. The support provided by the current peer counseling programs funded by the USDA does not
come close to the level of service provided in the three RCTs. Scaling up the peer support provided
in the RCTs to the national level would appear unrealistic in the current fiscal environment.
3.2.2 Oregon’s Experiment
An important motivation for the RFE conducted in Oregon was to assess whether a relatively low-
cost peer counseling program in which support was provided almost exclusively by telephone could
achieve substantial gains in breastfeeding. As detailed in Reeder et al. (2014), the intention-to-treat
(ITT) results were mixed. The probability that women assigned to the treatment group breastfed
non-exclusively for at least 3 months was 22 percent greater than women in the control group and
30 percent greater among Spanish speakers. Non-exclusive breastfeeding for at least 6 months
increased by 14 percentage points among Spanish-speaking women in the treatment group relative
to an overall non-exclusive breastfeeding prevalence of 45% among Spanish-speaking controls.
Peer counseling was also associated with decreases in any and exclusive breastfeeding cessa-
tion, but these gains also were limited to Spanish-speakers only. The findings for Spanish-speaking
WIC participants are broadly consistent with the three RCTs in the US that also evaluated peer
counseling interventions. In two of the RCTs 80 percent of participants were Hispanic with ap-
proximately half designating Spanish as their preferred language and at least 70 percent partici-
pated in WIC (Chapman et al., 2004; Bonuck et al., 2005). The third RCT had a smaller proportion
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of Hispanics (Anderson et al., 2005). In the Oregon RFE as well as the other three RCTs not all
women in the treatment group take-up the peer counseling or use peer counselors to the same
degree. Thus, the effect of peer counseling on women who partake of treatment is unclear due
to the obvious selection involved with compliance. In this study we extend the results from the
Oregon RFE by using randomization as an instrument to estimate the effect of peer counseling
among women who interact with the counselors. To the extent that randomization satisfies the
exclusion restriction and given one-sided compliance, we can interpret the instrumented estimates
as the effect of treatment on the treated (TOT). 6 We then compare the TOT estimate from the RFE
to estimates of average treatment effects obtained in the non-experimental setting.
3.3 Empirical Framework
3.3.1 Data
The study is based on two samples of WIC clients in Oregon during the period of July 2005
through June 2010. The analysis is anchored by the results from the RFE conducted at four WIC
agencies between July 2005-June 2007. There are 34 local WIC agencies in Oregon that, with
few exceptions, are organized at the county level.7 A description of the RFE and the intention-to-
treat (ITT) results are reported in Reeder et al. (2014). The second sample, henceforth the non-
experimental sample, consists of all WIC clients not in the RFE from June 2005 to July of 2010.
All data pertaining to the characteristics of women on WIC and their breastfeeding outcomes are
entered by staff at WIC agencies to the State’s centralized Information System Tracker database,
TWIST.
6With one-sided compliance there are no “always takers” (Angrist et al., 1996; Angrist and Pischke, 2009). There
were no always takers in the Oregon RFE as peer counselors were only in contact with those in the treatment group.
7Oregon has 36 counties. Several rural counties are serviced by one local WIC agency.
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Sample 1: The Randomized Field Experiment
Nineteen hundred and forty-eight English or Spanish speaking women attending a new pregnant
appointment for WIC between July 2005 and July 2007 at one of the four WIC agencies in the
State consented to be in the study. The four agencies were the counties of Hood River, Jackson,
Umatilla and Washington. The counties served by each agency are show in blue in Figure 3.1.
Sixty-four women miscarried or moved out of the state leaving 1,884 women that were assigned
to one of the three study arms. Women were stratified between English and Spanish speakers
and then randomized in the three treatment arms. The control group received standard WIC Pro-
gram breastfeeding promotion and support but did not have any contact with a peer counselor.
The low-frequency treatment group was eligible to receive four planned, peer-initiated contacts:
the first after the initial prenatal assignment; the second two weeks before the expected due date;
the third within one-week postpartum; and the fourth approximately 2 weeks postpartum. The
high-frequency treatment group was eligible to receive eight planned peer-initiated contacts. The
first four contacts were the same as the low-frequency group with the additional four occurring
at months 1-4 postpartum. There were no meaningful differences in the breastfeeding outcomes
between women in the low and high intensity groups so following Reeder et al. (2014), we have
combined them in the analyses that follow.
The peer counselors were current or former WIC clients within the past five years. They had
to have breastfed an infant for at least 6 months, have sufficient literacy in English or Spanish to
complete the paper work, and be able to commit at least 10 hours a week to counseling. All peer
counselors received a state-provided three-day training grounded in the USDA’s Loving Support
curriculum at the central administrative office in Portland. Afterwards, the peer counselors re-
turned to their respective WIC agencies for further orientation and training.8.
8See Reeder et al. (2014) for more details regarding the RFE.
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Sample 2: Non-Experimental Data on Peer Counseling
The same peer counseling program as in the RFE was offered in two WIC agencies located in
Marion and Deschutes counties from 2005-2010. Marion and Deschutes counties are the 5th and
7th most populous counties in the state (Figure 3.1). Jackson and Washington counties in the RFE
are ranked 6th and 2nd , respectively. Women attending their new pregnant appointment at the WIC
agencies in Marion and Deschutes were offered the opportunity to receive the same high-frequency
peer counseling support as offered to women in the RFE. The important difference from the RFE
was that any WIC client who desired peer counseling was enrolled. Of the 12,348 women enrolled
in WIC in Marion and Deschutes between July 2005 and July 2010, 1,774 (14.2%) requested peer
counseling support.
Another group of WIC clients were also offered peer counseling in a non-experimental setting.
Three of the four agencies that participated in the RFE, Jackson, Umatilla and Washington con-
tinued to offer peer counseling to women enrolling in WIC at their new pregnancy visit from the
end of the RFE in July of 2007 through July, 2010. Thus, 3,577 WIC clients out of 13,094 eligible
women (27.3%) were enrolled in a voluntary peer counseling program between July 2007 and June
2010. Lastly, we have data on 24,857 WIC clients from the agencies in Oregon that did not offer
or provide peer counseling for breastfeeding between July 2007 and July 2010.
Outcomes and Covariates
We focus on exclusive breastfeeding at one, three and six months postpartum. At each certification
visit up to two years, mothers were asked how they were feeding their baby. Duration of exclusive
breastfeeding was derived from the first time that the mother reported to WIC that she had stopped
breastfeeding or introduced formula and the timing of each. Exclusive breastfeeding duration was
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recorded in weekly intervals for the first month and then at intervals of 5, 9, 13, 18, 22, 26, 31, 35,
39, 43, 47, 52 weeks and more than 52 weeks.
We focus on exclusive breastfeeding because the explicit goal of the peer counseling initia-
tive was to increase the prevalence of exclusive breastfeeding for at least six months. The health
benefits of breastfeeding have been related to exclusive breastfeeding and not just any breastfeed-
ing (American Academy of Pediatrics, 2012). In addition, exclusive breastfeeding is reported
more completely than non-exclusive breastfeeding. The duration of non-exclusive breastfeeding
cannot be determined until a woman stops breastfeeding completely. As a result, non-exclusive
breastfeeding duration was missing for women who reported breastfeeding at their last WIC re-
certification visit but then left WIC before their next scheduled re-certification appointment. Ex-
clusive breastfeeding duration tends to end earlier in the postpartum period and thus, is measured
more completely. In the Oregon RFE, non-exclusive breastfeeding was missing in 19 percent of
cases whereas exclusive breastfeeding was missing for only 8 percent (Reeder et al., 2014).
The administrative data system, TWIST, also has information on a WIC client’s age, educa-
tional attainment, family income, marital status, race/ethnicity, spoken language as well as month
of enrollment in WIC.
3.3.2 Analysis
Analysis of the RFE
We first present ITT estimates of offers of peer counseling on dichotomous indicators of exclusive
breastfeeding at least one, three and six months in the RFE.
BFi = β0+β1Zi+X ′i θ + εi (3.1)
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where BFi a breastfeeding outcome for person i, Z is a dummy variable and equals 1 if the woman
is assigned to the peer counseling treatment group, X is a vector of baseline controls (age, age
squared, race/ethnicity, education, marital status, the month of pregnancy when certified for WIC,
natural logarithm of monthly income and WIC agency indicators), and ε denotes the random com-
ponent. Based on a linear probability model, the estimated coefficient, β1, provides an unbiased
estimate of the intention-to-treat (ITT). All analyses are stratified by whether the counseling was
conducted in English or Spanish.
One way in which we extend the work of Reeder et al. (2014) is by estimating the effect of
peer counseling among women who actually received support. We define treatment as women who
received at least one peer counseling call in the postpartum period. As such, 71 percent of English-
speaking women and 89 percent of Spanish-speaking women assigned to the peer counseling group
actually received treatment. Because interactions with a peer counselor is a choice, we instrument
the receipt of peer counseling with the randomization indicator. The first stage is as follows:
Ti = pi0+pi1Zi+X ′iΓ+υi (3.2)
where T equals one if the woman received any postpartum PC service and zero otherwise where
pi1 captures the effect of assignment to treatment group on receiving peer counseling service. We
use the predicted value from Eq. 3.2, T̂i to estimate the following second stage:
BFi = γ0+ γ1T̂i+X ′i ξ +ηi (3.3)
where the coefficient, γ1, is the estimate of TOT. Given one-sided compliance, this represents the
effect of peer counseling among women who interacted with counselors (Bloom, 1984; Angrist
and Pischke, 2009).9
9One-sided compliance means women in the control group had no access to peer counseling. In lexicon of Angrist
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Another extension of Reeder et al. (2014) is a test of heterogeneous treatment effects. A com-
mon approach is to interact the assignment to treatment indicator Z with baseline characteristics.
Such a tactic is somewhat ad hoc and can lead to specification searches. A recent alternative uses
the entire set of pre-treatment covariates to predict outcomes among the control group (Abadie
et al., 2013). The estimated parameters from this regression are applied to the entire sample in the
RFE and treatment effects are estimated within different quantiles of the predicted outcome. To
avoid over-fitting we use the repeated split sample (RSS) algorithm suggested by the authors.10
External Validity
We begin the assessment of external validity11 by generating bounds on the treatment effects fol-
lowing Manski (1999, 2013). We first assume no knowledge of the treatment effects for the un-
observed counterfactuals (Manski, 1999)12. We then narrow the bounds by imposing various re-
strictions (Manski, 2013). Although the range of treatment effects remains relatively wide, they
provide a transparent set of goal posts with which to compare estimates of treatment effects from
subsequent exercises.
et al. (1996), there were no always takers.
10A Stata version of the algorithm by Jeremy Ferwerds is available at https://ideas.repec.org/c/boc/
bocode/s457801.html (last accessed December 31, 2014).
11External validity concerns inferences about the extent to which a causal relationship holds over variation in
persons, settings, treatments and outcomes (Shadish et al., 2002). The broadness of the definition explains why
convincing demonstrations of external validity have proven elusive. One approach to improving the generalizability
of results from RFEs is more experiments addressing similar questions but in different settings (Banerjee and Duflo,
2008; Imbens, 2010). Even with multiple experiments, however, selective participation by subjects, heterogeneous
treatment effects, randomization bias and general equilibrium effects remain challenges to external validity (Heckman
and Smith, 1995; Rodrik, 2008; Deaton, 2010). The recent focus on external validity has motivated approaches to
testing for heterogeneous treatment effects across multiple sites (Crump et al., 2008), but the generalizability of a
single RFE remains more art than science (Woolcock, 2013).
12Let E[Y1|D= 0] be the expected exclusive breastfeeding outcome of being offered peer counseling on those in the
treatment group had they been assigned to the controls and let E[Y0|D= 1] be the expected outcome of the controls had
they been assigned to the treatment group. The no information bounds assume E[Y1|D = 0] = 1 and E[Y0|D = 1] = 0
for the upper bound and the reverse for the lower bound.
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In the next part of the study we use WIC administrative data for women not-involved in the
RFE. Following the within-study literature, we compare the breastfeeding outcomes of the random-
ized out controls to women who were offered but chose not to participate in the RFE (LaLonde,
1986; Smith and Todd, 2005). Specifically,
BFi = ρ0+ρ1Ci+X ′iΨ+ηi (3.4)
where Ci equals one if the woman was in the control group of the RFE and zero if she did not
participate. The coefficient, ρ1, captures differences in breastfeeding outcomes between the con-
trols and non-participants in the absence of treatment. The sign and statistical significance of, ρ1,
provides evidence on selection into the RFE. We extend this exercise to the other WIC agencies
that were not part of the RFE. We compare the probability of exclusive breastfeeding between the
controls from the RFE and women who either had no access to peer counseling or who chose not
to use the service when available.
In last section we use Eq. 3.1 to estimate the effects of peer counseling on breastfeeding out-
comes in a non-experimental setting. We rely on statistical controls rather than the randomization
to mitigate selection bias. Comparing these to the experimental estimates provides several possible
insights. For instance, by estimating non-experimental effects in the same agencies as the RFE,
we largely hold differences in staff or the population of WIC clients constant. Therefore, if we
find that the non-experimental estimates are smaller than those from the RFE, it would point to ad-
verse selection among those who choose the peer counseling, but it would also be consistent with
Hawthorne effects as the effort and scrutiny applied during the RFE was not sustainable afterwards.
Similarly, if the non-experimental effects are larger than those from the RFE, then women choos-
ing to work with peer counselors are favorably selected in terms of breastfeeding and this domi-
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nates any Hawthorne effects. Moreover, comparison of experimental and non-experimental results
across different agencies provides additional insight. If as we show below, the non-experimental
treatment effect estimated in all the agencies are less than the experimental TOT effects, then the
omitted variable bias may be working in one direction (Pritchett and Sandefur, 2014). This would
be an important consideration when deciding to scale up the program.
We estimate all equations by ordinary least squares and we adjust the standard errors for general
forms of heteroscedasticity. For the models in which women were not randomized, we weight
regressions by propensity scores.13 Our results are robust to the use of logistic regression instead
of OLS and weighted as compared to unweighted regressions.
3.4 Results
We present the results in two parts. In the first part, we analyze effects of peer counseling on
exclusive breastfeeding based on the RFE in Oregon. In the second part we explore the potential
generalizability of the findings.
3.4.1 Results from the RFE
The estimates from the RFE for English- and Spanish-speaking clients are shown in Table 3.1. We
show coefficients for exclusive breastfeeding at one, three and six months postpartum adjusted for
covariates.14 The first column shows the ITT estimates. These reveal no effect of the offer of peer
counseling on exclusive breastfeeding among English speakers at any point postpartum (Table 3.1,
column 1). For instance, women assigned to the treatment group were three percentage points
13We weight the treated group—those receiving peer counseling—by 1 and the comparison group by
pi
1− pi where
pi is the estimated probability of receiving peer counseling for individual i. This provides an estimate of the TOT
(Imbens and Wooldridge, 2008).
14The unadjusted coefficients differ little. See Reeder et al. (2014) for a comparison of the adjusted and unadjusted
ITT effects.
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more likely to exclusive breastfeeding at one month postpartum but the coefficient is statistically
insignificant. There is no effect at three of six months postpartum. This is not true for Spanish
speakers (Table 3.1, column 4). The offer of peer counseling increases exclusive breastfeeding
at one, three and six months postpartum by between seven and 10 percentage points. These are
meaningful increases relative to the prevalence of breastfeeding among the controls.
Weighted least squares estimates (WLS) of the effect of actually receiving peer counseling on
exclusive breastfeeding is shown for English and Spanish speakers in columns (2) and (5), respec-
tively. Estimates for English speakers differ markedly from the ITT estimates at one and three
months postpartum. Exclusive breastfeeding is nine to 10 percentage points greater among the
English speakers who actually received peer counseling support relative to both the treated and
controls who did not receive counseling. The first stage in column (3) indicates that after adjusting
for the covariates, the probability of receiving peer counseling in the treatment group is 0.76. The
differences between the ITT and WLS estimates therefore suggests that English-speaking women
in the treatment group who received peer counseling were positively selected toward breastfeeding.
However, when we correct for selection by using the randomization indicator as an instrument, we
find no effect of peer counseling on exclusive breastfeeding (Table 3.1, column 3).
As with the ITT results, the pattern for Spanish-speaking clients differs importantly from those
for English-speaking clients. In brief, the ITT, WLS and TOT estimates of peer counseling are
essentially the same at each point postpartum. For example, at three months postpartum, the ITT,
OLS and TOT estimated effects are between 10 and 11 percentages points, an increase of roughly
20 percent relative to the control mean of 51 percent. The consistency across estimates is perhaps
unsurprising given that 90 percent of Spanish-speaking women in the treatment group actually re-
ceived peer counseling in the prenatal and postpartum period as shown in the first stage in column
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(6).15
3.4.2 Heterogeneous Treatment Effects
In Table 3.2 we show results using endogenous stratification to describe differences in the es-
timated treatment effects across terciles of predicted breastfeeding within each language group.
There is no effect of being assigned to the treatment group among English-speaking clients for any
tercile, which is consistent with the ITT and TOT results in Table 3.1. However, among Spanish-
speaking clients the largest effects of peer counseling occur among women from the lower and
middle terciles; these women are 11 to 12 percentage points more likely to exclusively breastfeed
for at least one month if assigned to the treatment group than their counterparts among the controls.
In summary, our findings extend the ITT estimates in Reeder et al. (2014). There is evidence of
selection bias in the WLS estimates of the TOT among English-speaking clients. This is potentially
important because implementation of a peer counseling program would involve self-selection. The
consistent results among Spanish-speaking women across different estimates are also of interest
for they suggest a strong willingness to participate with impressive gains. Moreover, Spanish-
speaking clients with a lower predicted propensity to exclusively breastfeed appear to benefit the
most from peer counseling.
15This differs slightly from the 89 percent of Spanish-speaking women in the treatment group who received treat-
ment as reported previously because the 90 percent pertains only to women with non-missing data on exclusive breast-
feeding.
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3.4.3 External Validity
Partial Identification
Manski (2013) argues that analysts fail to appreciate the incredible uncertainty inherent in point
estimates of treatment effects. Even with randomized field experiments and with the assumption of
homogenous treatment effects, generalizability may be limited. The non-random selection of sites
in which an experiment is conducted as well as non-random selection by participants into the study
can render external validity questionable. In this section, we focus on the selection issue to show
a range of possible treatment effects that may hold state-wide under various restrictions. Table 3.3
documents the average treatment effect bounds under different assumptions about the range of
unobserved counterfactual treatment effects of exclusive breastfeeding. For example, panel (1)
shows treatment effect bounds assuming no knowledge of treatment effects for the unobserved
counterfactuals. The bounds have a length of one and are clearly uninformative. We narrow
the bounds by using the minimum and maximum rate of exclusive breastfeeding in the 28 WIC
agencies in Oregon that had no peer counseling program as the two counterfactuals. As shown in
panel (2), bounds contract by more than a half but are still quite wide. For instance, the lowest rate
of exclusive breastfeeding at three months among Spanish-speaking WIC participants in agencies
without peer counseling is 0.12 and the highest rate is 0.55. Using these instead of rates of zero
and one yield treatment effect bounds of -0.15 and 0.30 (panel 2). Lastly we assume that peer
counseling has no negative effects on exclusive breastfeeding, which creates a lower bound of
zero. We combine that restriction with the min-max counterfactuals to generate the bounds in
panel (3). For Spanish-speakers, the bounds have a length of approximately 30 percentage points
and are wide enough to contain the 95 percent confidence intervals around the point estimates of
the treatment effects for Spanish speakers from the RFE at one and three months postpartum in
Table 3.1. The bounds are considerably narrower for English-speaking clients because the point
estimates of the treatment effects are much less as is the spread between the high and low rates of
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exclusive breastfeeding among WIC agencies.
Participation Selection
In Oregons RFE, all eligible WIC participants who presented at a “new pregnant” appointment
were asked if they would be willing to participate in a study to determine the effectiveness of a
telephone peer counseling program to support exclusive breastfeeding.16 Under the assumption of
homogeneous treatment effects, results from the RFE would generalize to non-participants even
with non-random selection into the study. However, homogeneous treatment effects is a strong
assumption. If we relax that assumption, and if women who chose to participate differ from those
who declined, then results may not apply to the larger population of non-participants. As a first
step in understanding potential differences between participants and non-participants of the RFE,
we compare baseline characteristics of RFE participants to four groups17 of WIC clients as shown
in Table 3.4. For each sample, we report the differences in means with respect to the RFE par-
ticipants and report the result of a t-test based on the difference for each covariate. Sample sizes,
however, greatly vary across samples thus we also report the standardized differences. Unlike the
t-test, the standardized differences are insensitive to sample size (Imbens and Wooldridge, 2008).
There are no glaring differences between the RFE participants and non-participants in age, ma-
ternal education, family income, and marital status. Standardized differences are less than 0.25 in
all cases, a threshold above which estimates may become sensitive to the specification. The lack
of difference in these covariates is not surprising given that all women are pregnant and meet the
16Eligibility was extremely broad. Any WIC participant who indicated that she was interested in breastfeeding
or undecided was considered eligible. Oregon has the highest rate of breastfeeding initiation in the country among
women on WIC at over 91 percent (Polhamus et al., 2011). Essentially, all women attending a new pregnant visit were
eligible.
17Women on WIC who were offered participation in the RFE but declined; WIC clients from agencies in the rest
of the state in which there was no peer counseling available; women from agencies that participated in the RFE but
for the period after the RFE (2007-2010) in which peer counseling was available to anyone without randomization,
and women from the WIC agencies in Marion and Deschutes counties in which peer counseling was available over the
entire period, 2005-2010.
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eligibility criteria for WIC.
As a further check on balance across the four samples, we plot the distribution of propensity
scores for each group relative to those in the RFE. As a point of comparison, we show propensity
scores for those assigned to the treatment and control group in the RFE (Figures 3.2a and 3.2b).
As expected, overlap is impressive. However, the overlap is also notable between participants and
non-participants in the RFE (Figures 3.3a and 3.3b) as well as between women in the other three
groups (Figures 3.4a, 3.4b, 3.5a, 3.5b, 3.6a, and 3.6b).
Despite the apparent balance along observables, our set of covariates is limited and non-random
sorting into the RFE as well as difference across WIC agencies remains a concern. As a further ex-
amination, we estimate Eq. 3.4 comparing the breastfeeding outcomes of the RFE controls to those
of women who were offered participation and declined as well as to women from agencies with
no peer counseling services. The results from this exercise reveal a clear pattern of selection into
the RFE among English speakers (Table 3.5, panel A). Women in the control group are between
5 and 7 percentage points more likely to exclusively breastfeed relative to women who declined
participation in the RFE. A similar pattern appears when we contrast controls with women on WIC
in the rest of the state who had no access to peer counseling, although the magnitude is more
muted (Table 3.5, panel B). There are also large differences in exclusive breastfeeding between
English-speaking controls and women in the post-RFE agencies who received no peer counseling
(Table 3.5, panel C) and women form the Marion and Deschutes agencies who also declined peer
counseling (Table 3.5, panel D).
The pattern of selection into the RFE is less consistent among Spanish-speaking women in
WIC. Controls in the RFE are no more likely to exclusively breastfeed at one and three months
postpartum than are non-participants but they are 6-7 percentage more likely to exclusively breast-
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feed when compared to their counterparts in the rest of the state (Table 3.5, panels A and B).
Similarly, there are no differences in exclusive breastfeeding between the RFE controls and their
counterparts in the post-RFE period, but large differences when compared to Spanish-speaking
clients in Marion and Deschutes (Table 3.5, panels C and D).
Non-experimental estimates of peer counseling
In this last section we examine the association between the use of peer counseling and exclusive
breastfeeding in the two non-experimental settings. We present adjusted and unadjusted estimates
of the TOT for each breastfeeding outcome. We use weighted least squares to mitigate poten-
tial selection bias. Consider results from the three agencies involved in the RFE in the post-RFE
period (Table 3.6, panel A). The adjusted estimates of peer counseling for the English speaking
participants are all less than three percentage points for each breastfeeding outcome. Although
statistically significant they are clinically small and similar in magnitude to the TOT estimates for
English-speaking women in RFE (Table 3.1). The adjusted estimates for Spanish-speaking partici-
pants are between three and four percentage points, roughly 40 percent smaller than the unadjusted
estimates and approximately 60 percent smaller than the TOT estimates from the RFE (Table 3.6,
panel A).
Estimates from the two agencies not involved in the RFE are even smaller than those in RFE
agencies and are not statistically significant (Table 3.6, panel B). Based on the non-experimental
estimates, one would conclude that effects of peer counseling on exclusive breastfeeding ranged
from small and positive to nonexistent among both English and Spanish-speaking women.
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3.4.4 Discussion
The pattern of results from Tables 3.1-3.6 suggests the following. First, there is little experi-
mental or non-experimental evidence that a primarily telephone peer counseling program among
English-speaking women on WIC increased exclusive breastfeeding in a clinically meaningful
manner. Moreover, there is a clear pattern of selection bias among English-speaking women on
WIC who volunteered for the RFE. The RFE controls were more likely to exclusively breastfeed
relative to women who chose not to participate in the RFE. But there was also selection bias among
women assigned to the treatment group. English-speaking women in the RFE who interacted with
peer counselors were more likely to exclusively breastfeed than those in the treatment and control
groups who did not receive counseling. In other words, compliance was not random even among
those assigned to the treatment arm.
The pattern among Spanish-speaking women on WIC is different. First, estimates from the
RFE indicate that the telephone peer counseling program increased exclusive breastfeeding at one,
three and six months postpartum. In addition, almost 90 percent of Spanish-speaking women in the
treatment group received counseling, which rendered the ITT and TOT estimates indistinguishable.
There was also no pattern of selection bias into the RFE as the Spanish-speaking controls were not
more likely to exclusively breastfeed than were non-participants. Lastly, the estimated effects of
peer counseling in post-RFE were qualitatively similar although approximately 60 percent less in
magnitude than those in the RFE. There was no obvious evidence of selection bias as exclusive
breastfeeding among women who chose not to use counseling in the post-RFE period did not dif-
fer from that of the RFE controls. If we assume that selection bias is not a good explanation for
the diminished impact of peer counseling in the non-experimental period, then how best to explain
it? One consideration is Hawthorne effects. Peer counselors in the RFE were under much more
scrutiny than those in the post-RFE period. Counselors were required to maintain logs of each
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interaction with clients and reports were sent twice monthly to researchers at the local and state
WIC offices (Reeder et al., 2008). After the RFE, reporting by peer counselors was less formal in
these same agencies as was also the case in the Marion and Deschutes agencies.
Why might Spanish-speaking clients in the RFE have been more receptive to peer counsel-
ing that their English-speaking counterparts? We can only speculate, but if Spanish-speaking is
a proxy for relatively recent immigration and perhaps social isolation, then support by a native-
speaking counselor may have been more valued by these clients relative to English-speaking
women with greater access to networks of support within their community. As Reeder et al. (2014)
note, Spanish-speaking clients responded more readily to peer counselors’ calls than did English-
speaking clients. Moreover, Spanish-speaking women on WIC were more likely to exclusively
breastfeed than were their English-speaking peers who self-identify as Hispanic.18
3.5 Conclusion
Oregon’s RFE of a telephone peer counseling program to support exclusive breastfeeding among
women on WIC was the largest such intervention to date in the US. The study came at an important
junction as the U.S. Surgeon General has called for making peer counseling to support breastfeed-
ing available to all women on WIC. Our analysis of Oregons RFE and its generalizability suggest
caution before scaling up the program. Internally valid and clinically meaningful effects were
limited to Spanish-speaking clients. However, we found only a weak association between peer
counseling and increased rates of exclusive breastfeeding in the non-experimental settings even
when provided in the same agencies that had successfully implemented the RFE. We suspect that
18The Oregon WIC program discontinued its telephone-based peer counseling program based on findings from the
RFE. In its place Oregon has created a new model centered on in-person, group prenatal sessions where women explore
not just the benefits of breastfeeding but strengthen their own intrinsic motivators, support networks, and self-advocacy
skills. Enrollment in the program remains a voluntary option for new pregnant participants. In order to provide the
intensity of services needed to increase long term exclusive breastfeeding, local agency caseload requirements were
lowered from 30% of pregnant participants required during the RFE to 17% of pregnant participants.
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the attenuation reflects the heightened attention to the work of peer counselors in the RFE that is
difficult to maintain outside the experimental context. Oregon is not representative of the US de-
mographically and it is a national leader in breastfeeding initiation. This limits generalizability of
the RFE. But even within State, the external validity of the results from the RFE appears limited.
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Figure 3.1: Counties in Oregon with and without Peer Counseling for Breastfeeding, 2005-2007
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Figure 3.2: Propensity Score Distribution by Sample (1)
0
5
10
15
D
en
si
ty
.5 .6 .7 .8 .9
Propensity Score
Controls Treated
(a) Propensity Score by RFE Treatment Status
Spanish-speakers
0
2
4
6
8
D
en
si
ty
.4 .5 .6 .7 .8
Propensity Score
Controls Treated
(b) Propensity Score by RFE Treatment Status
English-speakers
CHAPTER 3. EXTERNAL VALIDITY OF A RANDOMIZED FIELD EXPERIMENT 99
Figure 3.3: Propensity Score Distribution by Sample (2)
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Figure 3.4: Propensity Score Distribution by Sample (3)
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Figure 3.5: Propensity Score Distribution by Sample (4)
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Figure 3.6: Propensity Score Distribution by Sample (5)
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Table 3.1: Effect of Peer Counseling on Exclusive Breastfeeding from Oregon RFE by Duration
and Language, 2005 - 2007
English Speaking WIC Clients Spanish Speaking WIC Clients
Exclusive breastfeeding ITT OLS TOT ITT OLS TOT
for at least (1) (2) (3) (4) (5) (6)
One month 0.029 0.115** 0.039 0.091* 0.103** 0.100*
(0.04) (0.03) (0.05) (0.04) (0.04) (0.04)
R2 0.067 0.079 0.073 0.060 0.063 0.063
Control group mean 0.534 0.495 0.495 0.518 0.511 0.511
Three months 0.011 0.095** 0.014 0.104** 0.114** 0.115**
(0.03) (0.03) (0.04) (0.04) (0.04) (0.04)
R2 0.066 0.075 0.069 0.071 0.074 0.074
Control group mean 0.346 0.312 0.312 0.402 0.390 0.390
Six months -0.026 0.019 -0.035 0.073* 0.089* 0.081*
(0.03) (0.03) (0.04) (0.04) (0.03) (0.04)
R2 0.043 0.043 0.038 0.057 0.060 0.060
Control group mean 0.227 0.204 0.204 0.315 0.298 0.298
First Stage 0.763** 0.903**
(0.02) (0.01)
Number of observations 889 815
Note: This table reports the intent-to-treat (ITT), ordinary least squares (OLS) and treatment
on the treated (TOT) estimates of the effects of peer counseling on exclusive breastfeeding
for at least one, three and six months. The endogenous variable in columns (3) and (6) is the
receipt of peer counseling, and the instrument is a randomization indicator for the treatment
group. All regressions control for mother’s age, age-squared, race/ethnicity, education, marital
status, the month pregnancy when certified for WIC, the natural logarithm of family income,
WIC agency fixed effects plus indicator variables for missing month pregnancy and family
income. Heteroskedasticity-consistent standard errors are in parentheses. Significance levels
are indicated by * < .05, ** < .01.
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Table 3.2: Intention-to-Treat Effects of Peer Counseling by Terciles of Predicted Exclusive Breast-
feeding
English Speaking WIC Clients Spanish Speaking WIC Clients
Exclusive breastfeeding 1 Month 3 Months 6 Months 1 Month 3 Months 6 Months
for at least (1) (2) (3) (4) (5) (6)
Lower tercile 0.001 -0.025 -0.047 0.119+ 0.089 0.074
(0.06) (0.05) (0.04) (0.07) (0.06) (0.06)
Middle tercile 0.047 0.041 0.008 0.113* 0.104* 0.060
(0.05) (0.05) (0.04) (0.06) (0.05) (0.05)
Upper tercile 0.025 0.053 -0.015 -0.022 0.040 0.023
(0.06) (0.05) (0.05) (0.06) (0.07) (0.06)
Number of observations 889 815
Note: This table reports the intent-to-treat (ITT) estimates of the effects of peer counseling
by terciles of predicted exclusive breastfeeding. Estimated with repeated split sample (RSS)
estimator as shown in Abadie et al. (2014). Variables that are used to predict the terciles are
mother’s age, education, marital status and the natural logarithm of family income. The number
of repeated split sample repetitions is 500. Standard errors are in parentheses and based on 500
bootstrap samples. Significance levels are indicated by + < .1, * < .05.
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Table 3.3: Bounds of Treatment Effects of Peer Counseling by Identifying Restrictions
Exclusive breastfeeding 1 Month 3 Months 6 Months
for at least
Lower Upper Lower Upper Lower Upper
No information bounds
(1)
English Speakers -0.45 0.55 -0.44 0.56 -0.47 0.53
Spanish Speakers -0.45 0.55 -0.46 0.54 -0.49 0.51
Min, Max
(2)
English Speakers -0.10 0.20 -0.10 0.19 -0.08 0.10
Spanish Speakers -0.17 0.31 -0.15 0.30 -0.09 0.22
No Negative Effects & Min, Max
(3)
English Speakers 0.00 0.20 0.00 0.19 0.00 0.10
Spanish Speakers 0.00 0.31 0.00 0.30 0.00 0.22
Note: This table reports the average treatment effect bounds under different assumptions about
the range of unobserved counterfactual treatment effects of exclusive breastfeeding. Panel (1)
impose no restrictions on the possible treatment effects. In panel (2), the lower and upper
bounds of the counterfactual treatment levels are restricted to the minimum and maximum
rates of exclusive breastfeeding in the 28 WIC agencies that did not provide peer counseling
services. Panel (3) imposes the same bound restrictions as panel (2) and additionally assumes
that peer counseling could not result in negative treatment effects.
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Table 3.4: Characteristics of Oregon WIC participants in Experimental and Non-Experimental
Samples, 2005-2010
English Speaking WIC Clients
RFE Non Participants Rest of State Post RFE Marion & Deschutes
Norm. Norm. Norm. Norm.
Mean Diff. Diff. Diff. Diff. Diff. Diff. Diff. Diff.
Age 25.9 0.86** 0.11 1.06** 0.14 0.91** 0.12 1.08** 0.14
Education
< High school 0.27 0.04** 0.07 0.05** 0.09 0.02 0.03 0.04* 0.06
≥ High school 0.71 -0.02 -0.03 -0.03+ -0.04 -0.02 -0.03 -0.04* -0.06
Unknown 0.03 -0.03** -0.09 -0.03** -0.09 <0.01 0.01 <0.01 <0.01
Marital Status
Single 0.46 0.05* 0.06 <0.01 <0.01 0.01 0.01 -0.02 -0.03
Married/Partner 0.51 0.01 0.01 0.06** 0.08 0.01 0.01 0.06** 0.08
Unknown 0.03 -0.06** -0.17 -0.06** -0.18 -0.02* -0.06 -0.03** -0.11
Family Income 1319 167** 0.12 186** 0.13 92** 0.07 152** 0.11
N 889 4522 19351 9303 9771
Spanish Speaking WIC Clients
RFE Non Participants Rest of State Post RFE Marion & Deschutes
Norm. Norm. Norm. Norm.
Mean Diff. Diff. Diff. Diff. Diff. Diff. Diff. Diff.
Age 28.9 1.20** 0.15 1.87** 0.22 0.79** 0.09 0.97** 0.12
Education
< High school 0.57 0.01 0.02 -0.02 -0.03 0.04* 0.06 0.09** 0.12
≥ High school 0.38 <0.01 <0.01 0.05** 0.07 -0.04* -0.06 -0.11** -0.15
Unknown 0.05 -0.01 -0.04 -0.03** -0.08 <0.01 0.01 0.02* 0.07
Marital Status
Single 0.20 0.02 0.03 <0.01 <0.01 -0.04* -0.06 -0.01 -0.02
Married/Partner 0.77 0.06** 0.10 0.06** 0.09 0.07** 0.11 0.04* 0.07
Unknown 0.03 -0.08** -0.21 -0.06** -0.17 -0.03** -0.11 -0.03** -0.10
Family Income 1559 178** 0.15 181** 0.15 59+ 0.05 185** 0.15
N 815 2272 5506 3791 2577
Note: This table reports the average background characteristics of WIC clients in randomized field
experiment (RFE) and contrast them with the WIC clients from different samples. The column “Diff.”
shows the difference in means for each of the other samples relative to the RFE. The column “Norm.
Diff” shows the normalized differences. Non-participants are women from the same WIC agencies as
those in the RFE who were offered participation in the study but declined. Women in the rest of the state
are from the 28 other WIC agenices in the state that did not provide peer counseling services. The Post-
RFE sample are WIC clients from three of the four experimental agencies that continued to offer peer
counseling services after the RFE was completed. Marion and Deschutes are two other WIC agencies
that offered peer counseling services to interested women from 2005-2010. Any difference smaller than
0.01 in absolute value is indicated with <0.01. Significance levels are indicated by + < .1, * < .05 , *
< .01.
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Table 3.5: Differences in Exclusive Breastfeeding Between Experimental Controls and Non-
participants by Duration, Language and WIC Agencies
English Speaking WIC Clients Spanish Speaking WIC Clients
Exclusive 1 Month 3 Months 6 Months 1 Month 3 Months 6 Months
breastfeeding for
RFE Non-Participants (A)
Difference 0.07* 0.05+ 0.06* <0.01 0.01 0.06+
(0.03) (0.03) (0.02) (0.03) (0.03) (0.03)
Mean Outcome 0.47 0.30 0.17 0.52 0.39 0.26
N 4831 2523
Rest of State (B)
Difference 0.05 0.03 0.04+ 0.06+ 0.07* 0.10**
(0.03) (0.03) (0.02) (0.03) (0.03) (0.03)
Mean Outcome 0.49 0.32 0.19 0.46 0.33 0.22
N 19660 5757
Post RFE Non-Participants (C)
Difference 0.10** 0.07* 0.06* 0.01 0.02 0.04
(0.03) (0.03) (0.02) (0.03) (0.03) (0.03)
Mean Outcome 0.44 0.28 0.17 0.50 0.38 0.28
N 7295 2782
Marion & Deschutes (D)
Difference 0.10** 0.04 0.04 0.11** 0.08** 0.08**
(0.03) (0.03) (0.02) (0.03) (0.03) (0.03)
Mean Outcome 0.43 0.30 0.19 0.42 0.32 0.23
N 8637 2527
Note: This table reports the differences in exclusive breastfeeding between the control group
from Oregon’s randomized field experiment (RFE) and peer counseling non-participants from
different samples. The reported differences are estimated with linear regression weighted by
the inverse probability score of being in the experimental control group. Weights are 1 for
women in the experimental control group and pi1−pi for those in the comparison group where pi
detones the propensity score for WIC client i. The propensity scores are estimated with logistic
regression using age, age squared, the natural logarithm of family income plus indicators for
education and marital status as predictors. Comparison groups are as follows. Panel (A):
women from the same WIC agencies as those in the RFE who were offered participation in
the study but declined; panel (B): WIC clients in the rest of the state from the 28 other WIC
agenices that did not provide peer counseling services; panel (C): Non-participants WIC clients
from three of the four experimental agencies that continued to offer peer counseling services
after the RFE was completed; panel (D): Non-participant WIC clients from Marion-Deschutes
that offered peer counseling services to interested women from 2005-2010. Any difference
smaller than 0.01 in absolute value is indicated with <0.01. Heteroskedasticity-consistent
standard errors are in parentheses. Significance levels are indicated by + < .1, * < .05 , *
< .01.
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Table 3.6: Non-experimental Estimates of Peer Counseling on Exclusive Breastfeeding by Dura-
tion, Language and WIC Agencies
English Speaking WIC Clients Spanish Speaking WIC Clients
Exclusive 1 Month 3 Months 6 Months 1 Month 3 Months 6 Months
breastfeeding for
Post RFE Agencies (A)
Unadjusted 0.04** 0.03* 0.01 0.05** 0.07** 0.05**
(0.01) (0.01) (0.01) (0.02) (0.02) (0.02)
Adjusted 0.03* 0.03** 0.02* 0.03+ 0.04** 0.04*
(0.01) (0.01) (0.01) (0.02) (0.02) (0.02)
Mean Outcome 0.44 0.27 0.17 0.48 0.35 0.25
N 9303 3791
Marion & Deschutes (B)
Unadjusted 0.02 <0.01 -0.00 -0.01 0.02 0.03
(0.01) (0.01) (0.01) (0.03) (0.03) (0.03)
Adjusted 0.03** 0.02 0.01 <0.01 0.03 0.04
(0.01) (0.01) (0.01) (0.03) (0.03) (0.03)
Mean Outcome 0.42 0.28 0.17 0.41 0.32 0.24
N 9771 2577
Note: This table reports the differences in exclusive breastfeeding between the clients who re-
ceived peer counseling relative those who did not. The reported differences are estimated with
linear regression weighted by the inverse probability receiving peer counseling. Weights are
1 for women who received peer counseling and pi1−pi for those who did not where pi detones
the propensity score for WIC client i. The propensity scores are estimated with logistic re-
gression using age, age squared, the natural logarithm of family income plus indicators for
education and marital status as predictors. Regression samples are as follows. Panel (A): WIC
clients from three of the four experimental agencies that continued to offer peer counseling ser-
vices after the RFE was completed; panel (B): Two WIC agencies that offered peer counseling
services to interested women from 2005-2010. Any difference smaller than 0.01 in absolute
value is indicated with <0.01. Heteroskedasticity-consistent standard errors are in parentheses.
Significance levels are indicated by + < .1, * < .05 , * < .01.
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